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She decade of the 1980s has seen the emergence of 

x heterogeneous class of drugs, known as calcium 
tagonists or calcium channel blockers, that has 
natically changed the approach to medical therapy of 
wascular diseases. These drugs are organic mole- 
‘cules that for the most part appear to have a highly 
-specific inhibitory effect on a specific voltage-dependent 
calcium channel that regulates calcium entry into cardiac 
and vascular smooth muscle. The specificity of these 
_drugs on channel proteins, that are relatively sparse, com- 
-pared with other receptors, results in inhibition of a very 
‘small pool of free extracellular calcium; hence overall 
‘blood or bone calcium remains unaltered. Therefore, ad- 
verse effects that might be expected by an inhibition of 
-total calcium metabolism are nonexistent. Furthermore, 
_these drugs influence only those calcium channels that 
_ regulate certain excitable tissue, and because only a spe- 
_ cific type of voltage-dependent calcium channel is affect- 
_ ed, it is primarily heart and vascular smooth muscle that 
are sensitive. That is most important because we have 
now in our armamentarium, drugs literally directed to 
_ tissues fundamental to the genesis of life-threatening dis- 
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eases that represent the greatest cause of morbi 
mortality today. F 
Because the calcium antagonists are highh 
calcium channel inhibitors, clinical studies ha 
rected initially toward their potential usein trea 
nary artery disease. These drugs have the a 
surprising advantage of a much greater affi 
calcium channels of vascular smooth muscle, a 
ticular to those of the coronary arteries than 
heart muscle itself. Furthermore, despite the rather 
presence of calcium channels in skeletal musek 
ently these are either structural homologues (“iso 
of the heart and smooth muscle channels o 
lent” —the drugs have virtually no effct on these tiss 
The calcium antagonists have in fact been ext 
successful in treating coronary artery diseases 


angina pectoris, including the variant type, with 
that is superior or at least equivalent to existing 
and with adverse effects that are among the low 
class of drugs. rr 
The calcium antagonists, in affecting | 
heart muscle, would appear to show promise in 
cal therapy associated with ischemia and infar 
cent clinical data have revealed the exciting 
that some of these drugs, or perhaps future d 
may significantly retard the incidence of reintc 
may even prevent an initial infarction and 
may inhibit the formation of new atheroscl 
It is possible, too, that some of the calciu 
may effectively prevent or treat cerebral 












it, 









have been very encouraging. In addition, 
gs may be used in conjunction with angiotensin- 
azyme inhibitors, and some of the calcium 





an be used, rationally, in combination with 
drugs. In this way, the scope and horizon of 
herapy in the treatment and perhaps the preven- 
rtain diseases may reach a level of high success. 
levelopment of the concept of “calcium 
y the classic studies first by Fleckenstein, 
ind and others, has trail-blazed a new era 
ment of cardiovascular diseases. — 
ng the heterogenous nature of these or- 
it has become apparent that there are at 
classes. that affect the calcium channel 
teracting at different receptor domains on 
arge structure. The classes include dihydropyri- 
flalkylamines and benzothiazepines, and the 
ype drugs are nifedipine, verapamil and diltia- 
vely. Each drug has advantages and disad- 
important to recognize that one should not 
all of the actions of one calcium antagonist to 
azem may have special properties related 
zothiazepine receptor which may contribute to 
eneficial effects such as protection of the 
cardium. Yet the dihydropyridine receptor 























it, while at the same time “protect” the 
the damage secondary to long-term high — ACTIVE 
and perhaps against ischemic events. of patient compliance in the treatment of hyper 
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long duration of action. These characteristic 
make such a calcium antagonist very attractive 







It appears from both laboratory and clinical prelimi 
nary studies that amlodipine may be such ad rug. 
ingly, in order to examine the total “picture,” a 1-day 
Symposium was organized and met on November 5, 1988, 
in Paris. We were fortunate in gathering authorities in 
both basic and clinical sciences with the heaviest empha- _ 
sis on fundamental studies. A wide range of research was _ 
reviewed, from the molecular, to organ and tissue level 
whole animal. The topics included electrophysiol 
chanics, biochemistry and molecular biology and 
sues were directed toward ischemia, atheroscleros 










heart and renal disease. Originally, this was supposed to 
be a “manuscript-less” closed workshop, but at the end of | 
the day, all the participants believed that the data were so- 
exciting that they were enthusiastic about contributing to 
a symposium issue of The American Journal oj Cardiol- 
ogy. The papers submitted, however, were subjected to 
the usual peer review consistent with this journal. The 


results appear in this issue. The editors and associate — 


editors would like to thank Pfizer International, Inc., fora 
grant in support of the symposium and for the coopera- ` 
tion and freedom afforded to the editors in formulating 
and finalizing what we hope is a very high quality explo- 

ration of a new chemical entity. eo ai ies 








Calcium Antagonists: Review and Perspective on 
Mechanism of Action 


Arnold Schwartz, PhD 


ature has for some reason invested calcium with a 
unique and vital role in the regulation of cell ` 


processes. Certainly, its function in the structure 
and maintenance of the musculoskeletal system is well 
known. But the mechanisms by which calcium modulates 
all excitable and even some nonexcitable tissues remain 
among the most active areas of interest. In the case of 
muscle, the requirement of extracellular calcium for 
beat-to-beat contraction of the heart has been appreciat- 
ed certainly for well over a century, and the need for 
intracellular calcium for normal behavior of both smooth 
and skeletal muscle has been known even longer. Thus, 
calcium, as the positively charged ion, as well as calcium 
as the element, is perhaps the key component in the 
maintenance of living organisms. Whereas other divalent 
cations and certain monovalent ions are important, it is 
calcium that links all processes of excitation, whether it 
be electrical or chemical in nature, to biologic events. 
In no system is the function of calcium ions more 
obvious than in excitation-contraction coupling in heart 
and skeletal muscle. For example, it takes about 0.6 sec- 
ond for the human heart to be depolarized, to contract, to 
relax and to recover for the next excitation event. There is 
no question but that the transient calcium surge across 
the cell membrane links these processes in a sequential 
manner so that the heart functions normally almost as if 
it were one large cell. In fact, the term “functional syncy- 
tium” is often used to describe cardiac contraction. 


HOW DOES CALCIUM SERVE AS THE 
ESSENTIAL LINK IN EXCITATION- 
CONTRACTION-RELAXATION RECOVERY? 

In the heart, a monophasic action potential (Fig. 1) 
describes the orchestrated activity of several specific ion 
channels.'! The sodium channel when activated supplies 
positive charges carried by sodium into the cell causing 
depolarization to the extent that the membrane potential 
goes from —90 mV at rest to zero and on to an “over- 
shoot” of about +20 mV. This is followed by a phase of 
slow repolarization due largely to the activity of an in- 
wardly directed calcium channel-ensuing contraction 
(Fig. 1) and then to fast repolarization and return to the 
normal resting potential by the activity of an outwardly 
directed potassium channel. The adenosine triphosphate 
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(ATP)-dependent sodium-potassium pump maintains 
the proper gradient of sodium and potassium. These 
channels for sodium, calcium and potassium are all volt- 
age-dependent; all can be activated and inactivated. 
From the research findings of numerous investigators, 


these transient states of channel activity are thought to be 


the result of voltage-regulated gating. The primary amino 
acid structure of each of these channels has been elucidat- 
ed using biochemical and molecular biologic tech- 
niques.?~’ Potential areas within these peptides involved 
in gating activity have been described and will be detailed 
later in this review. 

When the calcium channel is activated, positive 
charges are carried by calcium ions into the cell and in 
some way alter the properties of a so-called distinct calci- 
um release channel which is located in the internal cou- 
plings of the sarcoplasmic reticulum (SR) (Fig. 2). A 
relatively large amount of calcium is then released from 
the storage couplings (in skeletal muscle this site is called 
the lateral cistern). This pool of calcium reacts with spe- 
cific sites on troponin C (Fig. 3), 1 of 3 regulatory pro- 
teins located on the thin filament (actin). The conforma- 
tion of calcium-troponin C is changed, which in turn 
causes troponin I, troponin T and tropomyosin (the tro- 
ponin-tropomyosin complex of regulatory proteins is lo- 
cated in specific regions of actin) to change “location” so 
that the cross-bridges, containing the S1 myosin ATPase, 
can readily attach to specific sites on actin. Movement of 
the cross-bridges, like a set of oars in a row boat, propels 
the thin filaments past the thick filament (L-meromyo- 
sin), thus creating motion in each sarcomere. There is 
considerable evidence to support this concept although 
this description is, of course, an oversimplification. The 
activity of the SR calcium-ATPase, located specifically 
in the lateral aspects of the SR, pumps calcium from 
troponin C into the lumen of the SR. Muscle relaxation 
ensues when levels of calcium ions return to about 100 
nM, the so-called diastolic level of calcium. The calcium 
that was pumped into the SR moves to the internal cou- 
pling storage sites and is presumably released through the 
calcium release channels once again during the next cou- 
pled contractile event. 

The calcium release channel is currently thought to be 
part of a very large protein (over 500 kDaltons) common- 
ly called the “junctional feet” protein or the “ryanodine 
receptor” because it appears to connect the internal cou- 
pling of lateral cisterns (in skeletal muscle) to the trans- 
verse tubules (known as the T-system), and is sensitive to 
an alkaloid, ryanodine, which is used as an identifying 
ligand. It should be emphasized that the structural and 
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1 Rapid inward Na‘ current 
2 Slow inward Ca2* current 
3 K* efflux 
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400 Time (msec) 


FIGURE 1. The time course of changes of membrane poten- 
tial, intracellular free calcium and isometric tension during a 
twitch of cardiac ventricular muscle. (Reproduced with per- 
mission from Schattauer.’) 
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functional nature of the ryanodine complex is much bet- 
ter understood in skeletal than in heart muscle. 
During the coupled process of excitation-contraction- 
relaxation, free calcium rises from a diastolic concentra- 
tion of about 100 nM to about 1 uM and then returns to 
the diastolic level before the completion of the contractile 
cycle. The regulation of this calcium “transient” is most 
interesting and complex. There is little doubt that a series 
of protein kinases play a major role. For example, a cyclic 
adenosine monophosphate (AMP)-dependent protein ki- 
nase is activated secondary to an increase in cyclic AMP. 
The latter could occur either by stimulation of the £- 
adrenergic system or by inhibition of phosphodiesterases 
which hydrolyze the cyclic nucleotide. Protein kinase B, 
which is dependent on calmodulin and calcium, is activat- 
ed by calcium that enters via the calcium channel; protein 
kinase C, a phospholipid-dependent enzyme, is also acti- 
vated by calcium. These enzymes catalyze the transfer of 
phosphate from ATP to various substrates. In the heart, 
perhaps the most important of these is phospholamban, a 
small molecular weight protein (about 11 kDaltons) lo- 
cated in the SR close to the SR calcium-ATPase. The 
protein, in its nonphosphorylated mode, inhibits the activ- 
ity of the SR calcium ATPase pump. When phospholam- 
ban is phosphorylated by any of the kinases, a deinhibi- 


RECEPTOR 


CONTRACTION 


4 





FIGURE 2. A representation of ion transport and excitation-contraction coupling in heart muscle. AMP = adenosine monophos- 
phate; CAM = calmodulin; Mito = mitochondria; PDE = phosphodiesterase; SR = sarcoplasmic reticulum. (Reproduced with 
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FIGURE 3. Molecular structure of the thick and thin filaments of 


ADP = adenosine diphosphate; ATP = adenosine triphosphate. 


tion of the pump occurs, leading to an enhancement of 
relaxation. The increased levels of calcium in the SR are 
released at the next contractile “signal” and augmenta- 
tion of contraction follows. 

When catecholamine is applied to a heart cell (or 
when endogenous norepinephrine is released) the 6-adre- 
nergic receptor is activated initiating a cascade of reac- 
tions involving G-proteins, guany] nucleotides and adeny- 
late cyclases. The result is an increase in levels of cyclic 
AMP. The latter releases a catalytic subunit of protein 
kinase A, which transfers the phosphate from ATP to 
phospholamban. 

It is obvious that the calcium that enters the cell also 
activates protein kinase B and C which also phosphory- 
lates phospholamban. Heart contraction is therefore con- 
trolled in a synchronous and orchestrated manner. Tro- 
ponin I is also phosphorylated by kinase A. This event 
results in some way in a lowering of the affinity of tro- 
ponin C for calcium, thus contributing to diastolic activi- 
ty. 

The phosphoinositide pathway that leads to the for- 
mation of inositol phosphates as well as activation of 
protein kinase C also contributes to the regulation of 
muscle. Research activity in this field is vigorous, the 
result of which may prove to be as important as the above 
well-known regulatory mechanisms. 
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cardiac myofibrils and the mechanism of action of calcium ion. 
(Reproduced with permission from Martinus Nijhoff.®) 


Thus, the process of excitation-contraction-relaxation 
in skeletal and cardiac muscle involves biochemical and 
physiologic events that are coupled by calcium. Contrac- 
tion and relaxation should be viewed as separate bio- 
chemical and physiologic events, both regulated differ- 
ently, yet both operating in concert. One can envision, 
therefore, disease states in which the defect may be local- 
ized exclusively to the relaxation or diastolic (in heart) 
process. Likewise, defects in the contractile system, or for 
that matter, in the excitation and recovery processes are 
also controlled by specific enzymes and co-factors. 

Only a very small fraction of the total calcium re- 
quired for contraction enters via a voltage-dependent cal- 
cium channel in heart sarcolemma (see Fig. 1). This is 
“trigger calcium” which initiates the processes previously 
described. What happens then to the small increase in 
intracellular calcium that enters with each beat? There 
are 2 systems in operation. One is an outwardly directed 
calmodulin-calcium-sensitive sarcolemmal ATPase that 
has recently been sequenced, which most certainly plays 
an important role. The second, a sodium-calcium ex- 
change system, is electrogenic in nature, located in the 
cell membrane and is very sensitive to even transient 
changes in sodium levels. When sodium ions increase, as 
during depolarization or secondary to a sodium-potassi- 
um ATPase inhibition, the sodium gradient (i.e., outside 


SI 


. ` 
Prs kg 


Oo aaua 
-A SYMPOSIUM: PHARMACOLOGY 





A 


(PDC) 
+ 


Agonist 


(ROC) Ca?*= [ca?*] AS 
tt 


AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


Ca?t = [Ca?t] > Ca?* + CALMOD = Ca’*-CALMOD 


PDE 
cAMP -> 5'AMP 


É MLCK-P 


(inactive) 


Ca*+-CALMOD-MLCK 


(active) 


Pei 
/Actin\ 
/ \ 
RELAXATION 


PDC =Potential Dependent Channel 
ROC =Receptor Operated Channel 


to inside) diminishes, leading to a significant inhibition of 
the extrusion of calcium, thus providing more calcium for 
contraction. The exchange system being reversible can 
regulate intracellular calcium, either increasing or de- 
creasing it. 

The process of excitation-contraction-relaxation re- 
covery in smooth muscle, particularly vascular smooth 
muscle, while not receiving the same degree of research 
attention as heart and skeletal muscle, is thought to share 
some similarities with this scheme. 

It is clear that a voltage-dependent or receptor-oper- 
ated calcium channel, or both, provides calcium to all 
vascular muscle cells. To what extent these channels, i.e., 
requirement for external calcium, plays important roles 
in contraction control is not completely clear. Further- 
more, it is probable that different vascular beds, e.g., high 
resistance, low capacity vs low resistance, high capacity 
(like the proximal aorta), have vastly different require- 
ments for extracellular calcium. In terms of physiologic 
regulation of smooth muscle, we generally see a signifi- 
cantly different system than either skeletal or heart. 
Smooth muscle is under “thick filament” rather than 
“thin filament control,” i.e., a myosin rather than an 
actin-based cascade. Calcium enters the cell via the volt- 
age-sensitive calcium channel, although there are recep- 
tor-operated calcium channels that may play an even 
more significant role in some vascular beds (Fig. 4). Cal- 
cium interacts with specific sites on calmodulin, a ubiqui- 
tous small molecular weight protein. The resulting calci- 
um-calmodulin complex readily interacts with myosin 
light chain kinase, a specific enzyme that when activated 


GI THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 





FIGURE 4. A representation of cal- 


dulin; MLCK = myosin light chain 
kinase; Myosin-LC-P = myosin light 
chain kinase phosphorylated. (Re- 
produced with permission from 
Martinus Nijhoff.*) 
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catalyzes the phosphorylation from ATP of the myosin 
light chains, small molecular weight proteins present on 
the S-1 subunit of the cross-bridge. Phosphorylated myo- 
sin light chains have a high affinity for actin, binding to 
specific sites that, like other muscle types, results in a 
“sliding” of the thin filaments past the stationary thick 
(L-meromyosin) filaments. Dephosphorylation caused by 
specific phosphatases, diminishes the contractile state of 
the smooth muscle cell. It is of further interest that pro- 
tein kinase A, when activated, results in a phosphoryla- 
tion of myosin light chain kinases, which reduces the 
affinity of the latter for its substrate, myosin light chain, 
thus diminishing the phosphorylation state, resulting in 
relaxation or an inhibition of contraction. Catechol- 
amines, long known to cause a relaxation of smooth mus- 
cle (but certainly activating a 6-adrenergic receptor), 
exerts this effect by increasing cyclic-AMP which, of 
course, activates protein kinase A. These interesting se- 
ries of reactions should be contrasted with the way in 
which heart and skeletal muscles are regulated. 


CALCIUM CHANNEL, A RECEPTOR FOR THE 
CALCIUM ANTAGONIST DRUGS 

The organic calcium channel modulator drugs, devel- 
oped originally by Fleckenstein and other investigators, 
produce their remarkable effects by interacting with spe- 
cific receptor domains on, what is now agreed by all, a 
large molecular membrane-spanning protein of about 
165 kDaltons, which makes up a significant portion of the 
calcium channel itself.°-!2 Before discussing details, it is 
worth emphasizing that calcium channels are quite var- 
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as to type, even among the voltage-gated ones. In 
on, their density in excitable tissues is low compared 
hat of adrenergic receptors and pumps. Therefore, 
xpected that the nucleic acid message is “rare” in 
McClesky et al! and Miller!* defined the sub- 
the voltage-gated calcium channels as L, T and 
h subtype differs in conductance, activating and it 
ng kinetics, and in drug or toxin sensitivity. amine aisses investigators. aa aly 
differences in their electrophysiologic series pe kam oye to Me. ar 
> channel is present in brain, heart, skele- 
al and smooth muscle; the N channel is present largely in 
nal tissue, and the T seems to be relatively abundant 
acemaker and specialized conducting tissue. 
om the viewpoint of this symposium, it is the “L” 
hat is important since it is the only channel subtype 
highly sensitive to calcium antagonists and ago- 
articularly to those of the dihydropyridine (DHP) 
t; the protein that contains the or do- P 
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£ ‘phenylalkylamine or benzothiazepine li- 
the nlabeled calcium channel modulators give 
esults. So it is likely that the receptor binding 
separate but close together on the same protein 
2 nce each other. 





TURAL NATURE OF THE VOLTAGE- 
DEPENDENT CALCIUM CHANNEL 
ing a variety of biochemical, immunologic and 
pharmacologic techniques, it has been established that 
the “L-” channel probably consists of 5 subunits, desig- 
nated, at, a, P, y and ô (Fig. 6). It is clear that the œ; 
~. subunit contains the receptor domains for the 3 classes of 
o calcium antagonists. The a, and a subunits have 
~ — been cloned and sequenced, the former from skeletal and 
ee heart muscle, and the latter from skeletal muscle. The a, 
os ontains 1,873 amino acids, and when these are 
by a hydropathy plot, which predicts the hydro- 
mbrane-spanning regions, the results show a 
larity to the published data on voltage-de- 
dium and potassium channels. This shows a 
of structure probably among all the voltage- 
n channels and suggests a common gene family. 
ypical planar plot demonstrates 4 repeat motifs 
taining 6 repeating putative membrane-span- 
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highest. homology are the sald $41 regions. B ; 
this area is rich in positively charged amino acids, it has- 
been suggested that this region is the “voltage-sensor” 
that appears to be responsible for charge-movement o 
trol of the calcium release channel. ee 

The receptor sites for the calcium antagonists ; 
most certainly within this œ; structure. We and ot! 
workers are attempting to locate and isolate’ thes 
molecular genetic E and open of mit itar an 
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ora pectic area of the heart. One can cao vere : 
calcium channel agonist may be thus designed that x 





without any action on the coronaries. Alternatively, a a 
specific calcium antagonist may be found to dilate coro- 
nary arteries or inhibit contraction of a resistance vessel“ 
without having any effect on the heart or brain. — 
There appears to be no doubt that the calcium antago- 
nists exert their remarkable effects by binding to the 
calcium channel a, subunit, probably with highest affini- 
ty when the channel is in the depolarized or “inactivated” » 
state (see paper by Dr. Kass in this symposium), and, in 
some way, cause a decrease in the probability of opening 
of the channel. This leads to a diminution: of. “trigger” 
calcium, thereby causing vascular smooth muscle to relax 
and heart muscle to diminish its contractile force. It is 
possible that some of the beneficial effects of certain 
calcium antagonists may be due to an additional intracel- < 
lular action or mitochondria, but this remains. to be ; 


proved. 
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PERSPECTIVES FOR THE FUTURE 

Because the 3 prototype calcium antagonists are so 
useful clinically with essentially low side-effect profiles, 
why develop derivatives or “new” drugs of this type? On 
the basis of the latest molecular biologic information, as 
previously indicated, it is now possible to begin thinking 
about tissue-specific calcium antagonists as well as ago- 
nists. Furthermore, it should be possible to synthesize 
calcium antagonists with long biologic half-lives to avoid 
blood level oscillations attendant with short-lived drugs 
and to increase patient compliance. 

Based on the knowledge of the 3 receptor sites, it 
should be possible to develop a drug that perhaps retains 
the high affinity to the DHP receptor but exerts an activi- 
ty similar to diltiazem, the calcium antagonist that cur- 
rently appears to embody cardiac protective abilities with 
little or no deleterious effects on heart rate. | 

This symposium is directed toward a new DHP, amlo- 
dipine, which, according to the data collected thus far, 
appears to exhibit the positive characteristics of both 
DHPs and diltiazem. It will be of interest to see if this is 
borne out by future clinical studies. 
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Pharmacologic Profile of Amlodipine 


Roger A. Burges, MA, Michael G. Dodd, PhD, and Donald G. Gardiner, MSc 


Amlodipine is a potent calcium antagonist, inhibit- 


ing Ca**-induced contractions of depolarized rat 
aorta with an ICso of 1.9 nM. Unlike nifedipine, it 
displayed very slow association and dissociation 
with the calcium channel. The ability of amlodipine 
to inhibit Ca?*-induced contractions was strongly 
dependent on the K+ concentration present before 
the contraction, suggesting marked voltage depen- 
dence of action. Radioligand-binding studies in car- 
diac membrane preparations suggested that amlo- 
dipine may interact directly with both 1,4-dihydro- 
pyridine and diltiazem-binding sites on the calcium 
channel. Hemodynamic studies in anesthetized and 
conscious dogs showed that amlodipine is a coro- 
nary and peripheral vasodilator with a slow onset 
and long duration of effect, even when given by in- 
travenous injection; the reflex stimulation of cardi- 
ac output, heart rate and myocardial contractility 
induced by amlodipine was attenuated by propran- 
olol, but no marked negative inotropic or dromotro- 
pic effects were observed. Amlodipine was an ef- 
fective oral antihypertensive agent in rat and dog 
models of hypertension, and its 24-hour duration of 
action in hypertensive dogs correlated well with its 
long plasma half-life in this species. The natriuretic 
properties displayed by amlodipine may contribute 
to its use as a first-line drug for the treatment of 
hypertension. 

(Am J Cardiol 1989;64:10 I-20 I) 
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mlodipine is a member of the 1,4-dihydropyridine 

family of calcium channel blocking drugs. The 

principal difference in chemical structure from 
other members of the class, including the prototype nifed- 
ipine lies in the presence of a side-chain in the 2-position 
of the dihydropyridine ring, which carries a basic 
(pK,8.6) amino group (Fig. 1). This renders the molecule 
>90% ionized at physiologic pH, and this feature is be- 
lieved to be primarily responsible for the marked differ- 
ences in physicochemical, pharmacologic and pharmaco- 
kinetic properties displayed by amlodipine, as compared 
with other 1,4-dihydropyridines. 


CALCIUM ANTAGONIST ACTIVITY IN 
VASCULAR SMOOTH MUSCLE IN VITRO 

The effect of amlodipine on voltage-operated calcium 
channel activity was determined by the classic method in 
which contractions of potassium-depolarized strips of 
vascular smooth muscle in response to added Ca?* ions 
are measured before and after exposure to the drug.! In 
the experiments shown in Figure 2, strips of rat aorta 
were bathed in a zero-calcium, high-potassium solution, 
and repeated contractions to Ca?+ (final concentration 2 
mM) were elicited at 30-minute intervals for up to 3.5 
hours in the presence of varying concentrations of amlodi- 
pine or nifedipine. Both drugs were potent inhibitors of 
Ca’+-induced contractions, but there was a striking dif- 
ference in their respective rates of onset. At all concentra- 
tions studied, nifedipine was maximally effective within 
the first 30 minutes, whereas amlodipine showed a gradu- 
al, concentration-dependent rate of approach to equilibri- 
um. Kinetic analysis of the amlodipine data! showed that 
this behavior was consistent with amlodipine possessing 
association and dissocation constants for its interaction 
with the 1,4-dihydropyridine receptor some 2 to 3 orders 
of magnitude slower than those reported for other drugs 
of this class. Comparison of the data obtained after 3.5 
hours of incubation (where amlodipine was at near-equi- 
librium) showed that amlodipine (IC5ọ 1.9 nM) was ap- 
proximately twice as potent as nifedipine (ICs 4.1 nM) 
as an inhibitor of Ca**+-induced contractions. ! 

When contractions were elicited by means of intermit- 
tent depolarizing steps with 45 mM K+ in aortic strips 
bathed in normal physiologic saline solution (i.e., the 
reverse procedure to that described earlier), the apparent 
potency of amlodipine was reduced 10-fold (ICso 19.4 
nM), whereas that of nifedipine was little changed (ICso 
7.1 nM). This difference in behavior between the 2 drugs 
has been ascribed to the voltage dependence of channel 
block by 1,4-dihydropyridines, which is more evident in 
the case of amlodipine because of its markedly slower 


onset of action.! Morel and Godfraind? used a similar 
explanation to account for the time-dependent effect of 
1,4-dihydropyridines in vascular smooth muscle. 

We investigated this phenomemon further by means 
of a “potassium clamp” experiment in strips of rat portal 
vein. Tissues were bathed in zero-calcium solution con- 
taining varying concentrations of K+ (1.25 to 100 mM; 
substituted for Nat); contractions were again elicited at 
30-minute intervals for up to 3.5 hours, but in this case by 
changing to a solution containing 100 mM Kt and 2 mM 
Ca’*. As before, the apparent potencies of amlodipine 

and nifedipine were determined, at each level of K+ in the 
bathing solution, by constructing concentration-response 
curves for each drug from the 3.5-hour data points and 
interpolating ICs values. The dependence of —log(ICs0) 
on the bathing solution Kt concentration is shown in 
Figure 3. For amlodipine, there was a 60-fold increase in 
apparent potency with increasing [K+] over the full range 
of K* concentrations used, whereas for nifedipine the 
change was only sixfold. 

Thus, amlodipine is a potent inhibitor of voltage-oper- 
ated calcium channel activity in vascular smooth muscle, 
which exhibits marked voltage dependence owing to its 
very slow rate of association with the 1,4-dihydropyridine 
receptor. 


INTERACTIONS WITH CALCIUM 
CHANNEL BINDING SITES 

Radioligand-binding experiments have been per- 
formed in microsome preparations from rat and canine 
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FIGURE 1. Chemical structure of amlodipine. 


ventricular muscle, and the interactions of amlodipine 
with binding sites labeled by the 1,4-dihydropyridine 
[PH](+)PN200-110 and the benzothiazepine [°H]diltia- 
zem have been investigated.’ As expected from its 1,4- 
dihydropyridine structure, amlodipine was a potent (K; 
3.7 nM) and competitive (Hill slope —1.06) displacer of 
[7H](+)PN200-110 binding. Consistent with the obser- 
vation of a slow onset of action in isolated tissues, the 
apparent potency of amlodipine increased with incuba- 
tion time over the period 60 (K; 3.1 nM) to 180 minutes 
(K; 1.3 nM); the latter value agrees well with the func- 
tional estimate of potency of amlodipine as an inhibitor of 
Ca?+-induced contractions in intact, depolarized rat aor- 
ta preparations (see before). Displacement of [3H] 
PN200-110 binding by amlodipine was also stereoselec- 
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FIGURE 2. Time-course of inhibition of Ca?*-induced responses in K*-depolarized rat aortic strips by various concentrations of 


amlodipine (left panel) and nifedipine (right panel). The incubation medium (37°C) was a zero-calcium ph 


saline solution 


ysiologic sa 
containing 45 mM KCI; contractions were induced at 30-minute intervals by 15-minute exposure to CaClz (2 mM), followed by 
15-minute washout. Values are mean + standard error of the mean from 4 to 6 tissues at each concentration of drug. Figures 
adjacent to each curve are drug concentrations; veh = vehicle (0.1% ethanol). (Data adapted from J Cardiovasc Pharmacol.') 
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FIGURE 3. Voltage dependence of amlodipine (circles) and ni- 
fedipine (squares) in vascular smooth muscle. The apparent 
potencies of the 2 drugs were determined in rat portal vein 
strips by a method similar to that described for Figure 2, ex- 
cept that the K+ concentration of the zero-calcium bathing 
medium was varied over the range 1.25 to 100 mM (abscis- 
sa), and contractions were induced by switching to a solution 
containing 100 mM K+ and 2 mM Ca?+. At each level of [K*], 
3 tissues were used for each of 3 drug concentrations and a 
single ICs9 value was interpolated from the data points ob- 
tained after 3.5 hours of exposure to drug. 





tive, since the R(—) isomer of amlodipine (Kj; 1.8 nM at 
60 min) was 3 orders of magnitude more potent than the 
S(+) isomer (Kj; 1.0 uM). 

Because the effect of 1,4-dihydropyridines on the 
binding of [7H]diltiazem is known to be highly tempera- 
ture-dependent,’ the displacement experiments with am- 
lodipine were performed at both 25°C and 37°C; the 
effects of unlabeled diltiazem and of nitrendipine were 
also evaluated for comparison. Surprisingly, the effects of 
amlodipine and nitrendipine on [*H]diltiazem binding in 
rat cardiac membranes appeared to differ qualitatively 
(Fig. 4). Thus, at 25°C, even high concentrations (up to 
10 uM) of nitrendipine caused only partial displacement 
of binding, in agreement with the reports of others*; in 
contrast, amlodipine caused complete displacement, with 
an ICso of 40 nM, similar to that of unlabeled diltiazem. 
At 37°C, the effects of the 2 1,4-dihydropyridines were 
more complex (Fig. 4). Low concentrations of nitrendi- 
pine (1 to 100 nM) stimulated [*H]diltiazem binding, an 
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effect that has been well described previously and that 
has been ascribed to an increase in the affinity of diltia- 
zem for its binding sites resulting from an allosteric inter- 
action with the 1,4-dihydropyridine site*; at higher con- 
centrations, this effect was reversed. Amlodipine also 
stimulated binding at low concentrations (10 to 100 nM) 
but, at high concentrations, there was marked displace- 
ment of binding in contrast to the effect of nitrendipine. 

The interactions between amlodipine and diltiazem 
have also been investigated in preliminary studies using 
[3H]amlodipine as a radioligand.’ Diltiazem caused com- 
plete displacement of [7H]amlodipine binding to canine 
cardiac membranes, with an ICs of 6.4 uM, in contrast 
to its stimulatory effect on the binding of another 1,4- 
dihydropyridine, [7H]PN200-110. 

These results suggest that, in terms of its interactions 
with calcium channel binding sites in cardiac mem- 
branes, amlodipine differs from other 1,4-dihydropyri- 
dine calcium channel blockers in displaying properties 
that are characteristic of both 1,4-dihydropyridines and 
diltiazem. A similar conclusion, based on both radioli- 
gand binding and isolated tissue experiments, has been 
reached by Matlib et al.° Molecular modeling studies 
(unpublished) have indicated that the 3-dimensional 
structures of amlodipine and diltiazem show considerable 
overlap of key structural features; however, the pharma- 
cologic significance of this similarity is unknown. 


HEMODYNAMIC STUDIES IN ANESTHETIZED 
AND CONSCIOUS DOGS 

As part of our evaluation of the effects of calcium 
channel blockade with amlodipine on the cardiovascular 
system of intact animals, we also wished to determine 
whether the slow-onset phenomenon, previously de- 
scribed for isolated tissues, would be manifest in vivo. 
Hemodynamic responses to bolus intravenous (i.v.) injec- 
tions of a range of doses of amlodipine and nitrendipine 
were therefore compared in anesthetized dogs.6 The ani- 
mals were instrumented to record blood pressure, heart 
rate, left ventricular pressure (and its first derivative, dP/ 
dt), cardiac output and coronary blood flow; dosing was 
performed cumulatively, at 30-minute intervals. As ~ 
shown in Figure 5, both drugs induced marked, dose- 
related dilatation of the systemic and coronary vascular 
beds; maximal dilatation was similar in both cases but 
nitrendipine was approximately 10-fold more potent than 
amlodipine. The difference in potency is not due to any 
marked difference in intrinsic affinity of the 2 drugs for 
the calcium channel,® but rather reflects the very high 
volume of distribution of amlodipine in the dog.’ Thus, 
for a given dose, the plasma concentration of amlodipine 
will be much lower than that for nitrendipine. 

Both amlodipine and nitrendipine caused reflex stim- 
ulation of cardiac output (mediated principally by in- 
creased heart rate) and myocardial contractility, in re- 
sponse to the vasodilatation. However, as predicted by 
the isolated tissue experiments, all responses to amlodi- 
pine were more gradual in onset than those induced by 
equivalent doses of nitrendipine. For example, Figure 6 
shows the time course of the reflex tachycardia in re- 
sponse to doses of amlodipine and nitrendipine, which 


eee  e T 


caused similar peak reductions in vascular resistance. 
Responses to nitrendipine occurred very rapidly to the 
extent that the peak increases in heart rate were recorded 
within 0.5 to 2 minutes of the injection, followed by a 
similarly rapid recovery. In contrast, the heart rate re- 
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sponse to amlodipine occurred gradually following i.v. 
injection, reaching maximum by 30 minutes, so that the 
effect of each subsequent dose was superimposed on that 
of the previous dose. Time-related changes in the other 
hemodynamic parameters were similar. This behavior is 
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FIGURE 4. Effects of amlodipine (circles), nitrendipine (triangles) and diltiazem (squares) on the specific binding of [3H]diltia- 
zem to rat cardiac microsomes. Experiments were conducted either at 25°C (left panel) or 37°C (right panel). Incubations were 
performed for 90 minutes in 1 mi of TRIS-HCI buffer (50 mM) containing 0.5 mg of membrane protein and 5 nM [3H]diltiazem, 
and terminated by rapid filtration through Whatman GF/B filters which had been presoaked for 1 hour in 0.5% polyethylenei- 
mine to minimize filter binding of [H]diltiazem. Specific binding was defined as that displaced by 10 uM unlabeled diltiazem, and 
averaged 50 to 60% of total binding under these conditions. Results shown are means of triplicate determinations. 


FIGURE 5. Coronary and peripher- 
al vasodilatation induced by amlodi- 
pine (circles) and nitrendipine (tri- 
angles) in anesthetized dogs. Val- 
ues are maximal changes in 
coronary vascular resistance (CVR) 
and systemic vascular resistance 
(SVR) after bolus intravenous ad- 
ministration of the 2 drugs, ex- 
pressed as mean + standard error 
of the mean from 4 dogs. (Data 
adapted from Cardiovasc Drug 
Ther.®) 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 
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FIGURE 6. Time course of changes in heart rate in anesthetized dogs after bolus intravenous administration of amlodipine (cir- 
cles) and nitrendipine (triangles). Figures adjacent to curves represent doses (ug/kg). Values are means from 4 dogs in each 
group. Note that because of the cumulative dosing regimen, the effect of each dose of amlodipine was superimposed on that of 
the previous dose; this was not the case for nitrendipine because of its shorter duration of action. (Data adapted from Cardio- 


vasc Drugs Ther.®) 


consistent with the prolonged (3 to 4 hours) delay in 
achieving equilibrium in vitro since, in the intact animal, 
the plasma drug concentration immediately after i.v. in- 
jection will be initially high, thus promoting a relatively 
more rapid drug/receptor interaction than is obtained in 
isolated tissue experiments in which the concentration is 
at a fixed, low level. The more rapid onset of action of 
nitrendipine, compared with amlodipine, is believed to 
account for the observation that the acute hypotensive 
responses to nitrendipine injection were markedly greater 
than those induced by amlodipine (see also later). 
Hemodynamic studies were also performed in chroni- 
cally instrumented, conscious dogs% in order to investigate 
the response of the cardiovascular system to amlodipine 
in the presence of fully intact reflex mechanisms (i.e., in 
the absence of anesthesia). A secondary objective was to 
evaluate the influence of 6-adrenoceptor blockade with 
propranolol on the hemodynamic profile of amlodipine. 
Cardiovascular responses to i.v. amlodipine (0.25, 0.5, 1.0 
mg/kg) were similar to those recorded in anesthetized 
dogs, consisting of dose-related reductions in systemic 
vascular resistance, coupled with reflex-induced increases 
in cardiac output, heart rate and left ventricular dP/ 
dtmax; responses again occurred relatively slowly (Figure 
7 shows the maximal changes as recorded 1 hour after 
administration) and were sustained for at least 4 hours.® 
As in the anesthetized experiments, amlodipine caused 
only slight acute reductions in blood pressure (Fig. 7), 
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despite substantial reductions in systemic vascular resis- 
tance (up to 70% at the highest dose). This has been 
attributed to the gradual rate of onset of the vasodilata- 
tion, allowing adequate time for compensatory reflex 
mechanisms to operate to maintain blood pressure.® 
However, at later times (4 hours after administration), 
there was evidence for a decline in the reflex stimulation 
of cardiac output, despite maintained reduction in sys- 
temic vascular resistance, so that more substantial reduc- 
tions in blood pressure were observed; this effect has been 
suggested to be due to an effect of amlodipine on barore- 
ceptor sensitivity.® 

The degree of systemic vasodilatation induced by the 
2 higher doses of amlodipine was identical in the absence 
or presence of propranolol (Fig. 7). However, propranolol 
partially attenuated the reflex increases in heart rate and 
cardiac output, so that there were greater reductions in 
blood pressure in the presence of 8 blockade (Fig. 7). The 
amlodipine-induced increases in myocardial contractility 
(dP /dtmax) were greatly attenuated by propranolol (Fig. 
7); this implies that the reflex stimulation of contractility 
in response to vasodilatation is due to increased sympa- 
thetic activity. In contrast, tachycardia, which is known 
to result mainly from withdrawal of vagal tone in the 
conscious dog, was more resistant to the effect of 8 block- 
ade. In addition, the presence of propranolol revealed 
slight, transient reductions in dP/dtmax immediately af- 
ter injection of these high doses of amlodipine,° which is 
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FIGURE 8. Oral antihypertensive activ- 
ity of amlodipine and nifedipine in 
hypertensive rats. Sys- 
tolic blood pressures (BP) were record- 
ed, at the indicated times after (POST) 
administration by an automated tail- 
cuff method. Figures adjacent to each 
curve are dose levels (mg/kg orally). 
Values are mean + standard error of 
the mean for groups of 9 or 10 rats. 
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consistent with observations made in isolated hearts! that 
amlodipine, like other 1,4-dihydropyridines, displays 
weak negative inotropic activity at high concentrations. 

The only electrocardiographic change induced by am- 
lodipine was a slight shortening of the PR interval (F ig. 
7), consistent with the reflex increase in heart rate; this 
effect was also attenuated by propranolol. 

Overall, these hemodynamic studies show that amlo- 
dipine is a coronary and peripheral vasodilator that, even 
after bolus i.v. injection, displays a gradual (5 to 30 min- 
utes) onset and long duration of action, thus distinguish- 
ing this agent from other 1,4-dihydropyridines. Amlodi- 
pine is highly vascular-selective, displaying minimal neg- 
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ative inotropic potential and no detectable negative 
dromotropic activity, even in the presence of 6-adrenergic 
blockade. 


ORAL ANTIHYPERTENSIVE 
ACTIVITY IN ANIMAL MODELS 

Amlodipine is an effective antihypertensive agent 
when given orally to spontaneously hypertensive rats 
(SHRs). Figure 8 shows the time course of acute blood 
pressure changes in response to various single doses of 
amlodipine and nifedipine. Both drugs caused dose-relat- 
ed reductions in blood pressure but amlodipine was both 
more effective and longer acting than nifedipine. When 


is I 


A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


Ly 


N 


` IN o's 
rs P SANSON 
+ ` ? wi ` 
r Ea Sg Oy 
D Pod 
’ 
- 





AMLODIPINE 


NITRENDIPINE 


[=] 
= 8 
E 
G 
lu 
c 
= 
w 
w 
i 
Cc 
a 
[om | 
oO 
oO 
E | 
m 
X 
< 
uy 
= 





FIGURE 9. Oral antihypertensive activity of amlodipine (upper 
panel, circles) and nitrendipine (lower panel, triangles) in am- 
dogs; comparison of 


hour. 


given in the diet on a 1-mg/kg basis, amlodipine (8 mg/ 
kg/day) produced a substantial antihypertensive effect in 
SHRs with established hypertension, and also attenuated 
the increase in blood pressure when given to young SHRs 
during the developing phase of the disease. Similar re- 
sults were obtained by Nayler,? who also demonstrated 
that amlodipine treatment for 30 weeks prevented cardi- 
ac hypertrophy in SHRs, so that the heart weight /body 
weight ratio of treated SHRs was similar to that of nor- 
motensive Wistar Kyoto rats. 

In another animal model of hypertension, the renal 
hypertensive dog, single oral doses of amlodipine were 
shown to produce dose-related and long-lasting reduc- 
tions in blood pressure, associated with tachycardia.'° 


16 I THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


Figure 9 shows the results obtained from experiments in 
which blood pressure was recorded continuously in ambu- 
latory dogs. The dogs were treated in a crossover design 
with either vehicle, amlodipine (1 mg/kg single dose) or 
nitrendipine (1 mg/kg every 6 hours). The antihyperten- 
sive response to amlodipine was gradual in onset, peak 
reduction in blood pressure of 31 mm Hg occurring 8 
hours after administration; this was followed by a slow 
recovery, with a maintained effect persisting at the end of 
the 24-hour recording period. In contrast, the effect of 
each dose of nitrendipine was rapid in onset, with a larger 
peak reduction (36 to 50 mm Hg at 1 hour), and with 
complete recovery by 6 hours, the time of the next dose. 

Because the effect of a single dose of amlodipine lasts 
for 24 hours, it would be expected that a multiple daily 
dosing regimen would lead to an enhanced response, with 
a maintained effect before administration on each day. In 
the experiment illustrated in Figure 10, renal hyperten- 
sive dogs were treated once daily with amlodipine, 0.025 
mg/kg orally for 7 days, followed by 0.05 mg/kg orally 
for a further 5 days; these doses had been shown to be 
ineffective acutely. A small, statistically nonsignificant 
decrease in pre-dose blood pressure was observed during 
the low-dose period; doubling the dose to 0.05 mg/kg 
resulted in a more substantial antihypertensive effect, 
which developed over the first 3 days, achieving statistical 
significance (p <0.05) by day 4. On withdrawal of treat- 
ment, blood pressure gradually returned to the level be- 
fore the study over 5 days. There was no significant 
change in heart rate of the dogs throughout the study.!° 


EFFECTS OF AMLODIPINE 
ON RENAL FUNCTION 

Whereas the normal response of the kidney to a reduc- 
tion in blood pressure is a decline in urine and sodium 
output, leading to fluid retention, widespread experience 
with calcium channel blocking drugs has not shown this 
to present a clinical problem. The lack of fluid retention 
with these drugs has been ascribed to their ability to 
promote natriuresis and diuresis, possibly by a direct ef- 
fect on renal sodium reabsorption.!! We investigated the 
effects of amlodipine on urinary sodium excretion, both 
acutely and chronically, using dogs and rats. 

In anesthetized, saline-loaded dogs, the effect of i.v. 
amlodipine on sodium excretion showed a biphasic dose- 
response relation.!? Relatively low doses, which induced 
only moderate peripheral vasodilatation, caused a 
marked (up to fourfold) increase in sodium excretion, this 
response being attenuated at higher doses that caused 
greater reductions in systemic vascular resistance. Simi- 
lar effects were observed in saline-loaded conscious 
dogs,' in which the magnitude of the natriuresis was 
similar to that produced by hydrochlorothiazide. In a 
separate study in anesthetized dogs,'? the natriuretic ef- 
fects of amlodipine, nitrendipine and diltiazem were com- 
pared, using i.v. doses shown previously to produce equiv- 
alent (50% of maximum) reductions in coronary vascular 
resistance, but only modest peripheral vasodilatation. 
Amlodipine, like diltiazem, caused marked increases in 
sodium excretion and urine volume, which were sustained 
for up to 3.5 hours, whereas the effects of nitrendipine 


FIGURE 10. Multiple-dose oral effi- A 


cacy of amlodipine in conscious, re- 
nal hypertensive dogs. Four dogs 
received amlodipine once daily at 
the doses indicated, and “trough” 
blood pressures (24 hours after ad- 
ministration) were recorded from 
previously prepared carotid artery 
loops by an acoustic manometric 
technique. Values are mean + stan- 
dard error of the mean; asterisks 
indicate significant difference from 
pre-dose blood pressure (t test for 
paired data; p <0.05). 
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were not significantly different from those induced by its 
vehicle, despite administering the drug by continuous in- 
fusion in order to mimic the long duration of action of 
amlodipine.!? 

Because some clinical studies had questioned whether 
the natriuretic effects of calcium channel blocking drugs 
were sustained on chronic treatment,!* we investigated 
the effect of 4 weeks of amlodipine administration on 
sodium excretion in SHRs.8 The drug was given in the 
diet at a daily dose of 8 mg/kg, which had been shown to 
produce a substantial antihypertensive effect in SHRs 
(see before). The rats had been given a low-sodium diet 
(0.05% Nat) for 11 days before the study; interestingly, 
the control group of untreated rats showed a continued 
decline in sodium excretion over the ensuing 2 to 3 weeks 
of the study (Fig. 11), suggesting slow adaptation to the 
low-sodium regimen. Furthermore, despite full random- 
ization of rats between control and drug-treated groups, 
the latter group had a significantly lower sodium excre- 
tion during the first (pre-drug) week. Despite these fac- 
tors, however, treatment with amlodipine resulted in a 
sustained doubling of sodium excretion throughout the 4- 
week drug administration period (Fig. 11). During a final 
week of drug withdrawal, sodium excretion in the amlodi- 
pine group was restored to a value similar to that of the 
controls. 

These studies suggest that amlodipine exhibits poten- 
tially useful natriuretic and diuretic properties, which are 
sustained with chronic administration and which, by off- 
setting the normal tendency of vasodilatation to induce 
fluid retention, may contribute to its antihypertensive 
efficacy. 


PHARMACOKINETICS 

The intact animal studies in dogs and rats previously 
described are consistent with the pharmacokinetics of 
amlodipine in these species.’ Pharmacokinetic parame- 
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FIGURE 11. Effect of chronic amlodipine treatment on sodium 
excretion in spontaneously hypertensive rats. Groups of 12 
spontaneously hypertensive rats received a low-sodium 
(0.05% NaCl) diet with or without amlodipine (weeks 2 
through 5) at a level calculated to give a daily dose of 8 mg/ 
kg, and urine was collected continuously. Values shown are 
mean + standard error of the mean of total weekly excretion. 
of sodium; asterisks indicate significant difference between 
control and treated groups (f test for unpaired data; * = p 
<0.05; ** = p <0.01). (Reproduced with permission of Ann 
NY Acad Sci.*) za 
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TABLE I Pharmacokinetic Parameters of Amlodipine in Rats, 
Dogs and Humans 


Plasma half-life (hours) 3 30 
Plasma clearance (ml min~!kg~!) 122 11 
Volume of distribution (liters kg~!) 32 25 
Oral bioavailability (%) 100 88 


ters obtained from rats, dogs and humans are listed in 
Table I. In all species, amlodipine is characterized by a 
high volume of distribution, which is primarily responsi- 
ble for its long plasma half-life, although this is offset to 
some extent in the rat by a high plasma clearance, result- 
ing in a relatively shorter half-life in this species. In dogs 
and humans, the long plasma half-life (30 to 45 hours) 
means that, on a repetitive, once-daily dose regimen, 
there will be accumulation of plasma drug concentration 
of two- to threefold, steady-state being achieved after 4 to 
7 days of dosing. This is consistent with the results ob- 
tained from multiple dose experiments in hypertensive 
dogs, described previously. 


CONCLUSIONS 

The pharmacologic profile of amlodipine is character- 
ized by pharmacodynamic and pharmacokinetic proper- 
ties which distinguish it from other 1,4-dihydropyridine 
calcium channel blockers. Amlodipine displays slow asso- 
ciation and dissociation with the calcium channel recep- 
tor, which enables marked voltage dependence of action 
to be demonstrated in isolated vascular smooth muscle 
preparations. Slow association is also evident in radioli- 
gand binding experiments and, in addition, amlodipine 
appears to differ from other 1,4-dihydropyridines in dis- 
placing [*H]diltiazem from its binding site, as well as 
interacting as expected with the 1,4-dihydropyridine site. 

Hemodynamic responses of intact animals to i.v. am- 
lodipine are also characterized by a gradual onset of 
action, which has important consequences with regard to 
the reflex control mechanisms responsible for maintain- 
ing cardiovascular homeostasis. 

Amlodipine is an effective oral antihypertensive agent 
in rat and dog models of hypertension; in the latter spe- 
cies, amlodipine was effective for 24 hours after a single 
oral dose and also elicited a maintained 24-hour action 
over several days’ administration of doses that were 
acutely ineffective. Amlodipine was also shown to possess 
natriuretic and diuretic properties, which may influence 
its ability to reduce blood pressure without provoking 
fluid retention. 

The pharmacokinetic profile of amlodipine is strongly 
influenced by its large volume of distribution, which re- 
sults in a long plasma half-life in several species; there is a 
good correlation between these pharmacokinetic proper- 
ties and the pharmacodynamics of amlodipine, as mea- 
sured in intact animals. 
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PANEL DISCUSSION 


Dr. Sever (London, England): One of the most impor- 
tant side effects that we see with dihydropyridines is 
headache, which in clinical practice probably affects 
about 10% of patients and in some cases rather more. A 
less well known fact is that these side effects appear to be 
related to the rate of change of the plasma concentration 
of the dihydropyridine. From the profile you have pre- 
sented for amlodipine, side effects would appear to be less 
frequent. I would be interested if you have any data on 
that. 

Mr. Burges (Sandwich, England): Well, we obviously 
have a very large clinical data base, and we are quite 
pleased that the predictions we would make from these 
animal data have, generally speaking, translated through 
to man. You are quite right that the rate of change of 
plasma concentrations and hence of pharmacological ef- 
fect, is very gradual with this drug, and that the acute 
vasodilator-related side effects of hypotension, flushing 
and tachycardia, are quite definitely much lower than 
you would see with conventional dihydropyridines. 

Dr. Vanhoutte (Rochester, Minnesota): Does it affect 
spontaneous activity in the portal mesenteric vein? 

Mr. Burges: It is, interestingly, quite weak. 

Dr. Vanhoutte: Does it affect responses to endothelin? 
As you know, nicardipine does, but the other dihydropyri- 
dines are very weak from that point. 

Mr. Burges: We haven’t done those experiments, but 
I believe Murray Epstein has looked at these effects. 


Dr. Vanhoutte: In collaboration with Dr. Schwartz, 
we have published the fact that diltiazem affects the 
release of EDRF, whereas the dihydropyridines do not. 
Have you looked at that aspect of your compound? This 
is one way to differentiate between the calcium blockers. 
How does the presence, anatomically or functionally, of 
the endothelium affect the vascular effects of your 
drug? 

Mr. Burges: We have looked at the standard rubbed 
and nonrubbed preparations in dog coronary artery, and 
there was no influence of the endothelium. 

Dr. Vanhoutte: Have you looked at blood vessels from 
hypertensive animals? 

Mr. Burges: No, we have not. 

Dr. Vanhoutte: I think you may find that situation 
quite different. 

Dr. Van Breemen (Miami, Florida): Is the high vol- 
ume of distribution due to the drug’s uptake and/or intra- 
cellular concentration? 

Mr. Burges: Some experiments have been done to 
look at the tissue uptake of the drug, and it appears that it 
is something related to positive charge. The drug dissolves 
in membranes just like all these dihydropyridines but 
somehow, because of the positive charge, it’s trapped in 
the membrane possibly by a charge-charge interaction 
that could possibly be in the head group of the molecule. 
So it rapidly goes into tissues and comes out slowly. 

Dr. Van Breemen: Is that just in the membrane or is it 
concentrated in the cytoplasm? 

Mr. Burges: No it’s in the membrane we think. More 
experiments need to be done to prove that. One of our 
collaborators, Dr. Herbette (University of Connecticut), 
has looked at this. 

Dr. Glossmann (Innsbruck, Austria): Wouldn’t you 
think that the half-life is very long? It would worry me. I 
suppose you have clinical data which deny any problem 
there, but if you compare it with nitrendipine, which is 
considered to be a long-acting calcium antagonist, which 
is given once daily in hypertension, and you find a half- 
life which is twice or thrice longer wouldn’t you think it 

would be a bit too much? 
Mr. Burges: Well, in fact, it is only a problem if you 
don’t reach steady state. We have shown that it fits per- 
fectly with computer calculations and predictions, and 
that after 3 to 5 daily doses you then reach a steady state. 
The advantage is that there is a minimum variation be- 
tween peak and trough plasma with once daily dosing, 
with very little variation in levels, and very little variation 
in pharmacological effects. 

Dr. Van Zwieten (Amsterdam, The Netherlands): So 
to put it bluntly, you don’t have accumulation in humans? 

Mr. Burges: There is accumulation, but it depends 
what you mean by accumulation. The drug accumulates 
but then reaches a steady state. If it never reached a 
Steady state, that would be a problem, but it clearly does. 

Dr. Nayler (Victoria, Australia): I want to come back 
_ to Dr. Vanhoutte’s point about endothelin and nicardi- 
pine. Those experiments merely showed a secondary inhi- 
bition of the effect of endothelin. We have been doing 
displacement studies and neither amlodipine, nifedipine, 
diltiazem nor verapamil competitively displaced labeled 


P24 163 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 7, 1989 





endothelin. So those nicardipine experiments looked at a 
secondary effect, not a primary competition between the 
compounds. 

Dr. Vanhoutte: We have seen at least 3 papers that 
agree with our observation. 

Dr. Glossmann: Another pharmacokinetic question: 
This large volume of distribution of 35 1 /kg—other 
drugs which have very large distribution volumes may 
have side effects which can occur even after years. 

Mr. Burges: Well I guess we would have to look at 
that clinically. Can you tell us a little more about what 
sort of side effects we are expecting to see over the years? 

Dr. Glossmann: If you think about amiodarone, as an 
example, which has a very large distribution volume, it 
accumulates in the body, enriches in membranes and also 
enriches in lysosomes. I would expect your drug to be 
enriched in these areas also. 

Mr. Burges: I don’t think we are in the same league as 
amiodarone. I mean that amiodarone has a half-life of 
100 days or 200 days, I think, or even longer. We are not 
in that league. 

Dr. Paoletti (Milan, Italy): Have you noticed any spe- 
cific tissue accumulation of the drug? 

Mr. Burges: No specific tissue accumulation. The 
drug distributes widely into the tissues at this volume of 
distribution, then appears to behave quite normally. 
There was no accumulation in 1 specific type of tissue 
from our radiochemical binding studies. 

Dr. Nayler: Over what period of time have you looked 
for accumulation? 

Mr. Burges: In the animal studies that we have done 
using radiolabeled drug, I think we have done 7-day stud- 
ies in rats followed by autoradiography. 

Dr. Paoletti: Have you noticed any binding site for the 
drug inside the cells? 

Mr. Burges: We haven’t done those type of experi- 
ments. I would be interested to know how we could do 
them. 

Dr. Godfraind (Brussels, Belgium): Have you studied 
the metabolites? 

Mr. Burges: Like all the dihydropyridines, there are a 
wide range of metabolites of amlodipine; but with 1 ex- 
ception they are all pyridines. The pyridine metabolites 
are inactive. In the dog, we have seen 1 dihydropyridine 
metabolite where the terminal amino group has been 
oxidized releasing a carboxylic acid. This particular me- 
tabolite is active but very weak, and interestingly, has not 
been found in man. However, I don’t think it contributes 
to the pharmacological effect of the drug. 

Dr. Schwartz (Cincinnati, Ohio): So we have some key 
points: a large volume of distribution, that is very interest- 
ing, and a half-life somewhere in the range of digoxin. 
This represents a positive challenge with some interesting 
concerns as well. F 

Dr. Van Zwieten: Mr. Burges, I was very much im- 
pressed by your computer models and designs, but I won- 
der how specific this is. Couldn’t you think of many more 
molecules which, as far as volume is concerned, would fit 
into that shape? As well as the dihydropyridines and 
diltiazem, I could think of benzodiazepines. Can that be 
excluded? 
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Mr. Burges: The important thing is not that you can 
fit molecules into that volume, but that if the phenyl rings 
are overlapped then those 2 positive charges are in an 
identical position. You couldn't achieve that with any 
other dihydropyridine. Most of them don’t have a charge, 
and even the one that does, nicardipine, the side chain is 
oriented in a totally different direction. 

Dr. Van Zwieten: Well, I wasn’t so much thinking of 
another dihydropyridine but another molecule, a diltia- 
zem-like compound which is not a calcium antagonist. 

Mr. Burges: I’m sure that’s highly possible, yes. 

Dr. Godfraind: Just to try to combine Dr. Kass and 
your presentation, have you any information on the pH 
dependence of amlodipine interaction? 

Mr. Burges: No, I wish we had. I think that would be 
fascinating to do. In fact, we have talked about doing 
binding experiments at different pH levels. I think that 
would be very interesting to do. 

Dr. Schwartz: On the quantitative interpretation of 
binding, do you have a comment, Dr. Glossmann? 

Dr. Glossmann: I have seen your data and notice that 
K; values for the skeletal muscle T-tubules were about 5 
or somewhat lower than for smooth muscle. However, if 
you compare protein concentration in the assay, there will 
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be about a 10-fold difference between the smooth muscle, 
which has a very low density of 1,4-dihydropyridine re- 
ceptors, and the skeletal muscle T-tubules. This was why 
we came across that problem. The other point was that in 
our laboratory, we couldn’t reproduce our own data, and 
this is something which disturbed us. In biochemistry you 
have to reproduce your own data. 

Dr. Schwartz: Can we pick up this issue later? On 
time-dependency, there is an issue here. We have heard 
the volume of distribution is very high, recovery is very 
long; we are logically warned about quantitative interpre- 
tation with drugs that have hydrophobic characteristics. 
Steady-state levels of free concentration are extremely 
important for the interpretation of binding. I think Pro- 
fessor Glossmann would agree. If changes in free concen- 
tration are a time-dependent event, it’s particularly diffi- 
cult to draw a relationship. So I think, Mr. Burges, you 
should start out with 30 minutes, 90 minutes, 180 min- 
utes, 300 minutes, and then you can see if this is the 
effective incubation time of displacement, and you should 
look at the slopes. That’s very important. So here is a 
major opportunity and a challenge, I think you will agree, 
how to interpret quantitatively your binding data with 
such a drug. 





Amlodipine, a New 1,4-Dihydropyridine Calcium 
Antagonist with a Particularly Strong 
Antihypertensive Profile 


Albrecht Fleckenstein, MD, Markus Frey, MD, Jurgen Zorn, MD, 
and Gisa Fleckenstein-Griin, MD 





he effects of a new 1,4-dihydropyridine derivative 
miodipine have been compared with results from 
ur previous work. Application of amlodipine at a 
oncentration of 1.6 X 10-6 M to isolated guinea- 
ig papillary muscle for 120 minutes produced a 
0% reduction in tension development compared 
ith a concentration of 3.7 X 10-7 M nifedipine 
eeded to produce the same result under identical 
onditions. This suggests that amlodipine has even 
reaker negative inotropic effects than nifedipine. 

1 isolated porcine coronary strips, the K*-induced 
ontractions were approximately 10,000 times 
iore sensitive to the relaxing effects of nisoldipine, 
itrendipine and nicardipine than to those of papav- 
rine, whereas nifedipine and amlodipine were 
000 times more potent than papaverine. How- 
ver, in comparison with these in vitro actions, the 
fficacy of amlodipine appears to be greater in 

ivo: Simuitaneous subcutaneous injection of nifedi- 
ine (20 rag/kg) and of equimolar doses of nisoldi- 
ine and felodipine attenuated the myocardial calci- 
m uptake by rat hearts in situ (stimulated with a 
ingle subcutaneous dose of 30 mg/kg isoprotere- 
ol) with the same efficacy, whereas the actions of 
itrendipine and nimodipine were considerably 
reaker. In contrast, amlodipine antagonized iso- 
roterenol-stimulated myocardial calcium accumu- 
ition more effectively. Furthermore, amlodipine 
xhibited a high antihypertensive potency com- 
ined with rapid onset and long duration of action: 
imlodipine (10 mg/kg orally [p.o.]) reduced the 
lood pressure of spontaneously hypertensive rats 
Imost to the same extent as nifedipine, nitrendi- 
ine, verapamil and felodipine administered at the 
uch higher doses of 100 mg/kg p.o. Amlodipine 
20 mg/kg/day p.o.) maintained normal blood pres- 
ure during the whole life span of Dahl-S rats (5 
1onths), but this dose is considerably lower than 
rat reported for other 1,4-dihydropyridines. The 
urvival of NaCi-loaded Dahl-S rats increased from 
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20 to 100% after administration of amlodipine (20 
mg/kg/day p.o.) over 10 weeks: The effective dose 
of other calcium antagonists is approximately 5 
times higher, but well tolerated as, e.g., demon- 
strated in long-term studies on Dahl-S rats with ni- 
trendipine over 12 months. Increases in systemic 
arteriolar tone can be visualized in the ocular fun- 
dus of spontaneously hypertensive rats. After am- 
lodipine (10 mg/kg p.o.) arteriolar spasm declines. 
Prophylaxis with 2 doses of 20 mg/kg amlodipine 
daily in NaCl-loaded Dahl-S rats abolished the mac- 
roscopic and histologic changes that are normally 
seen in branches of the mesenteric artery. With use 
of electron microscopy, calcium accumulation in the 
lamina elastica interna was demonstrated by the 
potassium-pyr-oantimonate technique. The large 
electron-dense deposits present in NaCl-loaded 
Dahi-S rats were prevented by prophylaxis with 
amlodipine. Although the absolute doses of dihy- 
dropyridine calcium antagonists, effective in the 
present animal experiments, cannot be representa- 
tive for human therapy, amlodipine obviously be- 
longs to the most powerful calcium antagonists 
when administered to the whole animal. 

(Am J Cardiol 1989;64:21 I-34 I) 


standing calcium-antagonistic potency of nifedi- 
pine (Bay a 1040, Adalat®) almost 20 years ago, 
this drug figures among the most effective inhibitors of 
slow-channel-mediated transmembrane calcium entry.?~> 
Only verapamil, methoxy-verapamil (D 600, gallopamil) 
and diltiazem exert a similar highly specific calcium- 
antagonistic action.° * Consequently, in previous studies, 
these 4 compounds have been classified in Fleckenstein’s 
studies as “prototypical top calcium antagonists” of class 
A.8-10 The tremendous success of calcium antagonists in 
cardiovascular therapy was almost exclusively based on 
the widespread use of the 3 drugs, verapamil, nifedipine 
and diltiazem, whereas methoxy-verapamil served more 
as a tool for laboratory investigations.’~!? 
During the last decade, the success of nifedipine has 
provided the impetus for the synthesis of other 1,4-dihy- 


S ince the discovery by Fleckenstein! of the out- 
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dropyridines with the potential for calcium antagonism. 
Consequently, the number of such compounds has grown 
rapidly. These compounds inhibit transmembrane calci- 
um influx in myocardial fibers, cardiac pacemakers and 
vascular smooth muscle cells. A common characteristic 
of these 1,4-dihydropyridines, when compared with vera- 
pamil and diltiazem, is their greater inhibitory effect on 
calcium-dependent vascular contractility and tone com- 
pared with that of myocardium and cardiac pacemakers.® 
However, there are quantitative differences in the relative 
potencies of these drugs on heart and vessels. The phar- 
macodynamic profile of some of these calcium antago- 
nists (i.e., nitrendipine, nimodipine, felodipine and isradi- 
pine) is so largely dominated by vascular effects, that 
direct cardiac actions are negligible, at least in therapeu- 
tic settings. These 1,4-dihydropyridine calcium antago- 
nists are particularly suitable for selective suppression of 
vascular hyperactivity such as spasms of coronary, pul- 
monary, cerebral, renal or mesenteric arteries, including 
circulatory disorders in the extremities such as Raynaud’s 
disease.®!3-!9 Moreover, all 1,4-dihydropyridines with se- 
lective preference for the vascular system also reduce 
blood pressure in acute hypertensive crises and in cases of 
chronic essential or renal hypertension. 

Current research is directed toward finding other, 
more potent, calcium antagonists with differential vaso- 
dilator efficacy on certain types of arteries or arterioles 
and for particular use in antihypertensive therapy, (i.e., 
with preferential ability to relax spastically narrowed sys- 
temic resistance vessels). The present report discusses 
amlodipine, a new 1,4-dihydropyridine derivative, in 
comparison with our previous work with other calcium 
antagonists, and the resulting implications for its poten- 
tial therapeutic usefulness. 


RESULTS AND DISCUSSION 

Basic calcium-antagonistic actions of amlodipine on 
myocardium and vascular smooth muscle: Observations 
on isolated myocardium: At a normal myocardial resting 
potential of approximately —80 mV, the primary criteri- 
on for high calcium-antagonistic specificity consists of 
selective suppression of calcium-dependent myocardial 
contractility, whereas sodium-dependent action poten- 
tials remain almost unchanged (excitation-contraction 
uncoupling).!-'2 This selective calcium antagonism is 
most clearly assessed using an isolated myocardial prepa- 
ration from which simultaneous recordings of the single 
fiber action potentials and isometric mechanograms can 
be obtained. A typical experiment on an isolated guinea- 
pig papillary muscle is shown in Figure 1. Here, tension 
development diminishes with increasing doses of nifedi- 
pine, because of the progressive inhibition of transmem- 
brane calcium entry until contractility ceases completely 
at 1 mg/liter. In contrast, the sodium-dependent maxi- 
mal upstroke velocity of the action potentials (dV/ 
dtmax) remains unchanged, as demonstrated by the con- 
stant height of the upward deflections in the upper curve. 
This indicates that the transmembrane fast sodium influx 
is not affected by nifedipine, even when the slow calcium 
current has been totally blocked, as we have shown direct- 
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ly by voltage-clamp measurements.* Only the late phase 
of the action potential plateau is shortened by high con- 
centrations of nifedipine, as with other calcium antago- 
nists, because calcium normally contributes to the main- 
tenance of the late plateau. This is also true for amlodi- 
pine (Fig. 1). However, there are differential effects on 
contractile depression: To reduce the tension develop- 
ment of isolated guinea-pig papillary muscle by 50%, 1.6 
X 1076 M amlodipine had to be applied for 120 minutes, 
whereas the same effect could be attained with approxi- 
mately 3 X 1077 M nifedipine under identical conditions 
(stimulation rate, 30 minutes; temperature, 30°C). Thus 
the negative inotropic effect of amlodipine on isolated 
myocardium appears to be weaker than that of nifedi- 
pine. 

Another test that we introduced in 1973 for the identi- 
fication of calcium antagonists uses partially depolarized 
isolated myocardium in a potassium-rich (19 mM) Ty- 
rode solution, at a membrane potential of approximately 
—45 mV.*?20 Under these conditions, the fast sodium 
current is suppressed. Nevertheless, the transmembrane 
bioelectric activity can be maintained by an auxiliary 
mechanism, i.e., replacement of the fast sodium influx by 
the slow-channel-mediated entry of calcium ions as elec- 
tric charge carriers. Thus, in partially depolarized myo- 
cardial fibers, specific calcium antagonists always inhibit 
calcium-dependent slow action potentials to the same 
extent as they reduce calcium-dependent contractile ten- 
sion development.’ Amlodipine is no exception. This ef- 
fect has also been demonstrated with amlodipine in a 
recent publication by Burges et al.?! 

Observations on isolated vascular smooth muscle: In 
our studies on isolated arterial smooth muscle!3-!9.22 
(which does not possess clearly distinguishable trans- 
membrane transport systems for sodium and calcium), 
the highly specific calcium antagonists of the 1,4-dihy- 
dropyridine group were easily identified as powerful re- 
laxants against nearly all types of contractile hyperactivi- 
ty. The calcium-antagonistic effects are particularly evi- 
dent on potassium-depolarized arterial vasculature: 
Here, the potassium-induced decrease in membrane po- 
tential opens “voltage-dependent” calcium channels, 
leading to calcium influx and spastic constriction. How- 
ever, as soon as the augmentation of calcium influx is 
blocked, relaxation ensues. Furthermore, with potassium- 
depolarized pig coronary strips, there is a close quantita- 
tive correlation between the intensity of transmembrane 
uptake of labeled calcium and the height of tension devel- 
opment, during both the rising phase of contraction and 
the subsequent decline after calcium- antagonist adminis- 
tration.22 

We have also performed extensive comparative in vi- 
tro studies on smooth muscle strips from the descending 
branch of pig and rabbit coronary arteries, in which the 
antispastic activity of a multitude of calcium antagonists 
was tested. The dose-response curves are shown in Figure 
2. When compared with the classic vasodilator papaver- 
ine, nifedipine is 3,000 times more potent, whereas nisol- 
dipine, nitrendipine and nicardipine are approximately 
10,000 times stronger. According to these studies, the 





inhibitory strength of amlodipine is similar to that of the time of exposure to the drug to 5 hours. Nevertheless, 
nifedipine. We obtained approximately the same result the calcium-antagonistic potency of amlodipine on isolat- 
using spiral strips dissected from pig basilar arteries. As ed myocardium and arterial smooth muscle did not ex- 
the rates of onset and offset of the action of amlodipine ceed that of nifedipine. However, the situation changed 
reported by Burges et al?! were rather slow, we extended when amlodipine was tested in the whole animal. 
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FIGURE 2. Suppression of K*-induced contractures of pig coronary strips by Ca?+-antagonistic inhibitors of excitation-contrac- 
tion coupling. The strips were depolarized with a K*-rich Tyrode solution (43 mM KCI) for 40 minutes to produce full contrac- 
tures. Then, different concentrations of the Ca?‘-antagonistic compounds were added so that, depending on the dose applied, 
the tension development was more or less inhibited. The degrees of relaxation obtained are expressed as percent of peak tension 
just before addition of the Ca?*-antagonistic drugs. Each point represents the average relaxation calculated from at least 15 in- 
dividual experiments for each concentration, standard error not exceeding + 2%. Before administration of the K+-rich solution, 
the coronary strips (wet weight, 12 to 15 mg) were kept in a Tyrode solution with a normal K+ content (concentrations in mM: 
NaCI 155; KCI 4; NaHCO; 11.9; CaCl2 1.0; NaH2PO, 0.48; MgCl. 1.0; glucose 5.6) for a period of 60 minutes under a load of 
2.0 g. Throughout the experiment, a gas mixture of 97% O2 and 3% CO2 was used for oxygenation of the bath at a constant 
temperature of 35°C and at a pH of 7.4. Isometric tension was continuously recorded with the use of a mechanoelectric trans- 
ducer. 


Observations on rat hearts in situ: Prevention of iso- 
proterenol-induced deleterious myocardial calcium 
overload: Another important finding is that calcium an- 
tagonists can also provide direct cardioprotection against 
calcium-induced structural damage. Heart muscle fibers 
undergo severe alterations, finally resulting in necrosis, as 
soon as there is excessive penetration of free extracellular 
calcium ions through the sarcolemmal membrane, and 
the calcium binding or extrusion processes are over- 
whelmed. The crucial event in the development of such 
lesions is high-energy phosphate deficiency, which results 
from both excessive activation of calcium-dependent in- 
tracellular adenosine triphosphatases, and calcium-in- 
duced impairment of the mitochondria (swelling, vacuo- 
lization, cristolysis, loss of respiratory control and oxida- 
tive phosphorylation capacity). Moreover, hyperactiva- 
tion of calcium-dependent intracellular proteases and 
phospholipases may contribute to the cellular decay. 
Thus, we have established in a series of publications since 
1968 that intracellular calcium overload is the decisive 
pathogenic factor in the etiology of myocardial fiber ne- 
croses caused by -adrenergic stimulation. !-8-23-30 Rona 
et al?! showed that subcutaneous injection of overdoses of 
isoproterenol is the easiest way of producing such lesions 
experimentally. 
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The number or size of catecholamine-induced cardiac 
lesions in rat hearts is determined not only by the extent 
but also the duration of the calcium-induced high-energy 
phosphate depletion. Calcium antagonists are capable of 
partially or totally protecting the structural integrity of 
the heart muscle fibers by restricting transmembrane 
calcium influx and consequently preventing adenosine 
triphosphate and creatine phosphate exhaustion.® Figure 
3 represents the results of a quantitative study in which a 
cardiotoxic dose of isoproterenol (30 mg/kg) was injected 
subcutaneously into rats. Consequently, the relative con- 
tent of labeled calcium in the right ventricular myocardi- 
um increased within 6 hours from the control value of 25 
to 180% of the simultaneously measured plasma calcium 
activity. This represents a greater than sevenfold stimula- 
tion of net myocardial calcium uptake under the influ- 
ence of isoproterenol. However, when this is repeated 
with a simultaneous injection of nifedipine (0.3 to 20 mg/ 
kg), the myocardial calcium uptake rates were attenu- 
ated in a dose-related fashion. With 20 mg/kg of nifedi- 
pine, the calcium uptake could be reduced below the 
cytotoxic level. 

In the experiments shown in Figure 4, the effect of a 
subcutaneous dose of 20 mg/kg of nifedipine was com- 
pared with those of nitrendipine, nisoldipine, nimodipine 
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FIGURE 3. Inhibition by nifedipine of excessive isoproterenol (iso)-induced uptake of labeled calcium into the right ventricular 
myocardium of rats. Subcutaneous administration of different doses of nifedipine (0.3 to 20 mg/kg body weight). Nifedipine was 
given twice 24 hours and 30 minutes before the subcutaneous injection of 30 mg/kg of isoproterenol and the simultaneous intra- 
peritoneal administration of 10 „Ci Ca2* /kg. All radioactivity measurements of blood plasma and myocardial tissue were per- 


formed 6 hours later. 


and felodipine. Nitrendipine and nimodipine inhibited 
the isoproterenol-stimulated myocardial calcium uptake 
much less than nifedipine, whereas nifedipine, nisoldipine 
and felodipine were nearly equipotent. However, in com- 
parison with the latter drugs, amlodipine was 4 to 5 times 
more potent. This surprising result was confirmed by 
similar observations in which calcium antagonists were 
administered orally to isoproterenol-intoxicated animals. 
Similarly, the absolute isoproterenol-induced increase in 
myocardial calcium content (i.e., mmols calcium per kg 
dry tissue weight) was most effectively blocked by amlo- 
dipine (Fig. 5). Again, these results were confirmed with 
oral administration. Thus, it appears that the calcium- 
antagonistic potency of amlodipine is much more evident 
when the drug is given to the whole animal than in isolat- 
ed in vitro preparations. 

Model studies on hypertensive rats with amlodipine: 
Antihypertensive efficacy of amlodipine in comparison 
with other calcium antagonists: Apart from calcium- 
overloaded myocardium and arterial smooth muscle, the 
most sensitive targets of specific calcium antagonists are 
the spastically constricted systemic resistance vessels of 
hypertensive animals and humans.**-*4 It has been known 


for 20 years that calcium antagonists, such as verapamil, 
decrease peripheral flow resistance. Accordingly, there 
has been greater need in recent years for suitable calcium 
antagonists for the treatment of acute hypertensive crises 
and also for the control of chronic hypertension. For 
hypertensive crises, rapidly acting calcium antagonists 
are preferred, whereas for chronic therapy of hyperten- 
sion, those with a long-term effect on blood pressure may 
be advantageous. 

We have used spontaneously hypertensive rats 
(SHRs), which are regarded as a close model for essential 
hypertension in humans, to investigate effects on spasti- 
cally constricted systemic resistance vessels. First, we in- 
vestigated the antihypertensive efficacy of amlodipine in 
these rats. The single oral doses that produced an acute 
reduction of blood pressure from the initial height (220 
mm Hg) to normal (110 to 120 mm Hg) were deter- 
mined. Two further parameters were also estimated: (1) 
time to the maximal effect, and (2) time to 50% of the 
maximal effect. The acute decrease in systolic blood pres- 
sure after 10, 30 and 100 mg/kg of amlodipine is shown 
in Figure 6. Comparative data on the time course of this 
response are summarized in Table I. The results demon- 
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FIGURE 4. Inhibition by different Ca?+-antagonistic 1,4-dihydropyridines of excessive isoproterenol (iso)-induced uptake of la- 
beled calcium into the right ventricular myocardium of rats. Experimental protocol as in Figure 3. Subcutaneous equimolar doses 
of nifedipine (20 mg/kg), nisoldipine (22 mg/kg) or felodipine (22 mg/kg) counteract isoproterenol-induced myocardial radiocal- 
cium uptake to a similar extent as does a small subcutaneous dose of only 4 mg/kg of amlodipine. Thus, the strength of amlodi- 
pine clearly surpasses that of all other Ca2*-antagonistic 1,4-dihydropyridines tested in this type of experiment. DMSO = di- 
methyi sulfoxide. 
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FIGURE 6. Acute decrease in systolic blood pressure of spontaneously hypertensive Okamoto rats (SHRs) produced with single 
oral doses of 10, 30 or 100 mg/kg amlodipine (age of SHRs was 14 months). 


strate that amlodipine exhibits a particularly high antihy- 
pertensive effect combined with rapid onset and long 
duration of action, with no sign of undesired negative- 
inotropic adverse effects on the myocardium. Amlodi- 
pine, 10 mg/kg, reduced the blood pressure of SHRs 
almost as effectively as nifedipine, nitrendipine, verapa- 
mil and felodipine when administered at the higher dose 
of 100 mg/kg. This indicates again, that amlodipine is 
among the most powerful calcium antagonists when ad- 
ministered to the whole animal. 

We have previously shown in extensive studies that 
long-term administration of specific calcium antagonists 
such as verapamil, nifedipine, nitrendipine, nimodipine 
and nisoldipine maintains normal blood pressure during 
the life span of SHRs.*32-34 Our more recent observa- 
tions show that this is also true for amlodipine at relative- 
ly low doses. Moreover, in NaCl-loaded salt-sensitive 
Dahl rats (Dahl-S), the increase in blood pressure is high- 
ly responsive to an additional 2 doses of 20 mg/kg amlo- 
dipine per day (see Fig. 7). In fact, amlodipine-treated 
NaCl-loaded Dahl-S rats maintain blood pressure at a 
level that is even lower than that of NaCl-loaded salt- 
resistant Dahl rats. 

One of the best indicators for the therapeutic value of 
an antihypertensive and vasoprotective agent is its ability 
to increase life expectancy. Appropriate calcium antago- 
nists will prolong the life span of SHRs or NaCl-loaded 
Dahl-S rats considerably. In our studies, only 19.2% of 
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untreated SHRs reached the age of 21 months, whereas 
more than 65% of the rats were still alive when sufficient 
doses of verapamil were added to the standard diet.*4 
Even more dramatic results were obtained in studies of 
hypertensive NaCl-loaded Dahl-S rats. Life expectancy 
of these rats is even shorter than that of SHRs: Without 
treatment with calcium antagonists, only 20% of the salt- 
sensitive Dahl-S rats survived for a little longer than 8 
weeks on a diet containing 8% NaCl. Prophylactic treat- 
ment with nitrendipine during this period increased sur- 
vival to the theoretical maximum of 100%. Similar data, 
obtained with several 1,4-dihydropyridines, have been 


TABLE I Antihypertensive Profile of Single Oral Doses of 
Different Specific Calcium Antagonists Administered with a 
Stomach Tube 


Time Until 50% 


Time Until Decrease from 


Effective Dose Maximal Effect Maximal Effect 
(mg/kg) (Hours) (Hours) 


Nifedipine 100 
Nitrendipine 100 
Verapamil 100 
Diltiazem 500 
Felodipine 100 
Anipamil 200 
Amlodipine 10 
Amlodipine 30 
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Dosage: Amiodipine 1x20 2x20 mg/kg p.o. 


Normalization of blood-pressure 
in Nat-sensitive Dahl rats by long-term 
treatment with Amlodipine 
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FIGURE 7. Prevention by small oral doses of amlodipine (20 mg/kg administered twice daily over 3 months) of systolic blood 
pressure increase in NaCi-loaded Dahl-S rats (given a dietary regimen containing 8% NaCl). 
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Dosage: Amiodipine 1x20 2x20 mg/kg p.o. 


FIGURE 8. Increase in the survival rate of NaCl-loaded, salt- 
sensitive Dahi rats from 20 to 100% with long-term adminis- 
tration of amlodipine over an observation period of 21⁄2 

months. Amlodipine adjusts the survival rate of NaCi-loaded 
Dahli-S rats to that of NaCl-loaded salt-resistant Dahl-R rats. 
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published.?536 The results of our more recent investiga- 
tions with amlodipine are shown in Figure 8. Here, too, 
the survival of NaCl-loaded Dahl-S rats increased from 
20 to 100% when amlodipine (2 X 20 mg/kg/day) was 
administered over an observation period of 10 weeks. The 
amount of amlodipine required for the normalization of 
life span is surprisingly small considering the effective 
dose range of other 1,4-dihydropyridine calcium antago- 
nists; in our experiments the doses required were approxi- 
mately 5 times higher than that of amlodipine. 

Direct visualization of arteriolar spasmolysis by am- 
lodipine in the ocular fundus of hypertensive rats: In 
spontaneously hypertensive rats, the increase in systemic 
arteriolar tone can be directly visualized by examination 
of the ocular fundus, since the calibers of the retinal 
arterioles diminish in SHRs during the progressive in- 
crease in blood pressure. In the retina of normotensive 
control rats, the veins are usually about twice as large as 
the arterioles. This ratio changes dramatically as soon as 
hypertension develops in SHRs or NaCl-loaded Dahl-S 
rats. As blood pressure increases, the arterioles of the 
ocular fundus show progressive constriction. When hy- 
pertension has fully developed, parts of the arterioles may 
even disappear under ophthalmoscopic examination be- 
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FIGURE 9. Neutralization of retinal arteriolar spasm of a spontaneously hypertensive rat (age 14 months) with amlodipine (1 
single oral dose of 10 mg/kg body weight). Left, appearance before amlodipine administration. Right, same ocular arterioles as 
left 4 hours after amlodipine; blood pressure decreased from 230 to 110 mm Hg within 4 hours after amlodipine. 
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FIGURE 10. Same type of experiment as in Figure 9. However, examination of the ocular fundus after oral administration of 10 
mg/kg amlodipine took place with a delay of 6 hours. Blood pressure decreased from 220 to 115 mm Hg during the observation 


period. 


cause of severe spasms and ischemia (Fig. 9 and 10, left). 
However, after administration of amlodipine in a dose 
that abolishes systemic hypertension, arteriolar spasm 
declines. One single oral dose of 10 mg/kg amlodipine not 
only normalizes the blood pressure of SHRs within 12 
hours (Fig. 6; Table I), but also produces a long-lasting 
relaxation of the spastically narrowed retinal arterioles. 
We have not found another calcium antagonist that oper- 
ates in such a low dosage range with similar efficacy.*2-*4 

Protection of arterial and arteriolar structural integ- 
rity with amlodipine: Excessive transmembrane uptake 
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of calcium has not only functional consequences, such as 
in hypercontractile disorders, but also produces histo- 
pathologic cell damage. We have studied the morpholog- 
ic sequelae of vascular calcium overload in extensive in- 
vestigations since 1971. By preventing excessive calcium 
accumulation, calcium antagonists can provide structural 
protection for both arteriolar and arterial vascula- 
ture.*’-4° The most spectacular vascular lesions that regu- 
larly develop in hypertensive SHRs or NaCl-loaded 
Dahl-S rats are in the distal branches of the mesenteric 
arteries.*?:34 
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This can be seen in Figure 11, which shows the enor- 
mous macroscopic alterations characteristic of calcium- 
overloaded mesenteric arterial branches of a Dahl-S rat 
that had received a NaCl-rich diet for 10 weeks. Histo- 
logic changes include a formation of calcific plaques, 
endothelial desquamation, deposition of fibrin or fibri- 
noid on the luminal side of the vascular wall, subendothe- 
lial cell proliferation and luminal occlusion with throm- 
botic material, and so forth. A typical arteriosclerotic 
plaque in a mesenteric artery branch of a NaCl-loaded 
Dahl-S rat is shown in Figure 12. In contrast, prophylaxis 
with 20 mg/kg of amlodipine administered twice daily 
was fully effective in protecting the vessel from both 
macroscopic (Fig. 11) and histologic (Fig. 12) changes. 

Vascular protection with amlodipine coincides with 
the prevention of arterial calcium overload, particularly 
in the distal sections of the mesenteric arteries where this 
lesion is more pronounced (Fig. 13). One of the most 
interesting sites of calcium accumulation is the lamina 
elastica interna. The electron micrographs of Figure 14 
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FIGURE 11. Prevention by amlodi- 
pine of severe destruction of the 
terminal branches of the mesenteric 
artery in salt-sensitive Dahl rats re- 
ceiving 8% NaCl in the diet. Top, 
without prophylactic administration 
of Ca2* antagonists, all NaCl-loaded 
salt-sensitive Dahi rats developed 
regularly severe mural damage and 
thromboembolism in the distal seg- 
ments of the mesenteric artery 
within 21/2 months. Bottom, amlodi- 
pine given in the daily oral standard 
dose of twice 20 mg/kg body 
weight for 2'/2 months together 
with the NaCl-rich diet, not only re- 
lieved the hypertension but also 
provided complete structural pro- 
tection. 


demonstrate intracellular calcium in the form of dark, 
electron-dense precipitates using the potassium-pyroanti- 
monate technique. A hypertensive NaCl-loaded Dahl-S 
rat, without protection by a calcium antagonist, shows a 
black heavily calcified lamina elastica interna. In com- 
parison, this layer is relatively free of calcium when pro- 
phylactic oral doses of 20 mg/kg of amlodipine adminis- 
tered twice daily have been administered over 10 weeks. 


CONCLUSION 

Recent work by our group has revealed one particu- 
larly interesting property of amlodipine. This 1,4-dihy- 
dropyridine derivative exhibits a comparably higher de- 
gree of calcium antagonism in vivo than in vitro. Amlodi- 
pine was equipotent or less effective than other prominent 
| ,4-dihydropyridines at inhibiting the calctum-dependent 
contractile performance of isolated guinea-pig myocardi- 
um and isolated coronary or cerebral vasculature of pigs 
and rabbits. However, the situation was markedly differ- 
ent when amlodipine was administered in vivo, where 



























efficacy appeared to be 4 to 5 times greater than that of 
other 1,4-dihydropyridines. When rats were treated with 
amlodipine, a high degree of protection against deleteri- 
us isoproterenol-induced myocardial calcium overload 
was observed, and in later studies an exceptionally strong 
and long-lasting relaxation of the spastically constricted 
stemic resistance vessels of SHRs and NaCl-loaded 
£ rtensive Dahl-S rats could be demonstrated. Conse- 

ly, the antihypertensive power of amlodipine ex- 
ed that of other 1,4-dihydropyridines by several 













: possible explanation could be fhat the rate of in- 
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oe FIGURE 12. Prevention by amlodipine of severe arteriosclerotic damage of the 5 bei branie of the mesenteric arteries r 

: __ salt-sensitive Dahi rats receiving 8% NaCl in the diet. Phase-electron micrographs. Top, formation: of a typical arteriosclerc 
ae , enormous proliferation of subendothelial cells, lining of the inner surface of the arterial wall with fibrin in an unprotecte 
oe Dahl-S rat within 10 weeks of the salt-rich regimen. Bottom, complete prevention of NaCi-induced arterial damage by simulta- . 
m oral prophylaxis with 20 mg/kg of amlodipine administered twice daily. (Magnification x 100, reduced 23%.) 


vivo degradation of amlodipine is relatively slow, 2 
therefore, the half-life considerably prolonged. - 

Until now, the main indication for calcium antag 
nists has been coronary heart disease. However, i 
course of the next 25 years many further possible 1 he 
peutic uses of calcium antagonists may be ident 
Recent experimental data have encouraged a br 
administration of calcium antagonists, particula 
antihypertensive purposes. Many clinical observ 
have established their high therapeutic significa 
cially in elderly: hypertensive paorni, as shor 
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FIGURE 14. Prevention by amlodipine of calcific incrustation of the lamina elastica interna in the wall of mesenteric artery 
branches of NaCl-loaded salt-sensitive Dahi rats. The black Ca?+ precipitates were visualized with the potassium-pyroantimo- 
nate technique. Amlodipine (20 mg/kg twice daily) was administered with a stomach tube over 10 weeks. 


pioneering clinical investigations of Biihler*! and Lar- 
agh.*? We expect that the long-term application of calci- 
um antagonists in hypertension will also deliver concrete 
clinical data on their efficacy in the prevention of arterial 
and arteriolar sclerotic lesions, as predicted by our animal 
experiments. Thus, in addition to the antihypertensive 
efficacy of calcium antagonists, nifedipine-like com- 
pounds may offer protection from arterial damage.* In 
this context, amlodipine deserves particular interest. 
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Cellular Electrophysiology of Amlodipine: 
Probing the Cardiac L-Type Calcium Channel 


Robert S. Kass, PhD, Joseph P. Arena, PhD, and Stefan Chin, BS 


The electrophysiologic properties of amlodipine in 
single guinea-pig ventricular cells were investi- 
gated. The degree of ionization of the drug mole- 
cule was found to affect both the development of 
and the recovery from block of L-type calcium 
channels. Under alkaline conditions, when most of 
the drug is in a neutral form, the actions of amlodi- 
pine resemble previously described neutral dihydro- 
pyridine (DHP) compounds. Under these conditions, 
calcium channel block by amlodipine is reversibly 
regulated by cell membrane potential, i.e., block is 
more pronounced at voltages positive to -50 mV 
and completely relieved at voltages negative to —80 
mV. When the drug molecule is ionized, block de- 
velops very slowly at positive membrane potentials 
and is very difficult to relieve on returning the 
membrane potential to more negative voltages. It is 
concluded that the degree of ionization of the drug 
molecule limits access to the DHP receptor and that 
the drug-bound receptor can be titrated by extra- 
cellular hydrogen ions. These results place limita- 
tions on the location of the DHP receptor within the 
cardiac sarcolemmal membrane. 

(Am J Cardiol 1989;64:35 I-42 I) 
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mlodipine is a dihydropyridine (DHP) compound 

with a pK, of 8.6. It has been shown to displace 

nitrendipine binding! and to inhibit calcium-de- 
pendent contractions. These amlodipine effects, unlike 
those of other DHP compounds, take several hours to 
develop.':? In contrast to amlodipine, other DHP com- 
pounds such as nisoldipine and nitrendipine, have pK,s 
below 3.0 and are neutral at physiologic pH. Because 94% 
of amlodipine molecules are ionized under physiologic 
conditions, it was of interest to determine whether the 
degree of ionization affects the manner in which this 
compound blocks calcium channels and, perhaps, ac- 
counts for the unique kinetic properties of this drug. 

The importance of DHP derivatives as probes of L- 
type calcium channels is clear (reviewed by Triggle and 
Venter); however the manner in which these compounds 
reach the receptor that causes inhibition of channel activ- 
ity has not been systematically investigated. In the case of 
the nerve sodium channel, a great deal of information 
about channel structure has been obtained by probing 
channel block by neutral and charged local anesthetic 
molecules. The modulated receptor hypothesis of Hille*° 
and Hondeghem and Katzung® was based on the results 
of these experiments. According to that hypothesis, drugs 
may bind to different states of a voltage-gated ion chan- 
nel with varying affinity, but drug access to the receptor is 
dictated by molecular charge. Neutral drugs can move 
through hydrophilic or hydrophobic pathways, whereas 
ionized molecules are restricted and cannot easily move 
through hydrophobic regions of the membrane lipid bi- 
layer. 

Although the modulated receptor hypothesis has been 
useful in interpreting the voltage-dependent block of cal- 
cium channels by neutral DHP compounds,’ tests of the 
influence of drug ionization on channel modulation have 
not been performed. 

In the work summarized in this paper and reported on 
in more detail by Kass and Arena,’ we were interested in 
determining how the ionization of amlodipine affected its 
block of calcium channels in the heart. In addition, we 
were interested in using this information to provide in- 
sight into the structure of the heart L-type calcium chan- 
nel. Our results indicate that drug ionization affects block 
of heart calcium channels in a manner that is very similar 
to local anesthetic block of nerve sodium channels, but 
that access to the DHP receptor occurs through a path- 
way that is quite different than that of local anesthetics in 
the sodium channel. 
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(pH, 10.0). Puise train protocols in the absence (open symbols) and presence (filled sym- 


amlodipine block 
bols) of amlodipine (3 4M) in pH, 10.0. Holding potential was changed from —80 to —50 mV and pulses were applied once every 
5 seconds from the —50 mV holding potential. Pulse widths and pulse rate: 200 ms, 5 seconds (triangles); 20 ms, 30 seconds 
(circles). Current measured against time after change from —80 to the —50 mV holding potential. The smooth curve through the 
data in drug: time constants 6 and 50 seconds. The inset shows current traces from the train protocols in control and drug at 0, 
S and 45 seconds after the change in holding potential. (Reprinted with permission from J Gen Physiol.°) 


METHODS 

The experiments summarized in this article were per- 
formed in single ventricular myocytes that had been iso- 
lated after the procedure of Mitra and Morad.!° Experi- 
mental details are provided in Kass and Arena? but are 
briefly summarized here. Membrane currents were re- 
corded using a whole cell arrangement of the patch clamp 
procedure.'! Potassium currents were eliminated by re- 
placing internal and external potassium with cesium. So- 
dium current was eliminated by choice of membrane 
potential, sodium replacement with tetramethylammo- 
nium ion or tris(hydroxymethyl)-aminomethane, or by 
the addition of 10 to 50 uM tetrodotoxin. Pipette solution 
also contained 3 mM adenosine triphosphate and 11 mM 
EGTA. Calcium or barium ions were used as charge 
carries of Ic,. Solutions were changed by way of gravity- 
fed chambers that could be selected with an electronic 
valve. Drugs were dissolved in mM stock solutions and 
diluted down appropriately for each experiment. Solu- 
tions were buffered as described in Krafte and Kass! 
over a range of external pH 6.0 to 10.0. 

Amlodipine, a gift from Pfizer Central Research 
(Sandwich, United Kingdom) was dissolved in water. 
Amlodipine has a pK, of 8.6 and is thus 94% charged at 
pH 7.4 and is 96% neutral at pH 10.0. 

Voltage protocols were designed to investigate the 
kinetics of the development of and recovery from block of 
Ica. We were thus interested in the DHP receptor associ- 
ated with “antagonism” of calcium channel currents.!3-!5 
Trains of pulses were applied to minimize experimental 
time. To study onset of block, the cell holding potential 
(HP) was set at a negative voltage (usually —80 mV) 
under stimulation-free conditions for at least 2 minutes. 
Then, the HP was changed to less negative levels (—30 to 
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—50 mV) and a series of pulses were applied to measure 
Ica. The pulse frequency and duration, which were var- 
ied, are noted in each figure legend. Recovery from block 
was studied using a similar approach, but in this case the 
cell was held at a positive conditioning voltage (10 to —10 
mV) for a given duration. Then, the membrane was 
stepped to a negative voltage (usually —80 mV) and 
pulses were applied to activate and measure Ica. 


RESULTS 

Neutral amlodipine—voltage-dependent block with- 
out repetitive pulsing: It is well-established that neutral 
DHPs such as nisoldipine and nifedipine are much more 
potent if applied to depolarized cells. Inhibition of Ic, by 
these compounds is rapidly relieved on returning the cell 
to negative membrane potentials, and repetitive pulses to 
voltages that cause channels to open are not required to 
promote block.* In the first set of experiments of the 
present study we were interested in determining whether 
the neutral amlodipine molecule had similar characteris- 
tics. 

These experiments were performed in solutions buff- 
ered to pH, 10.0, where greater than 96% of amlodipine 
molecules are neutral. Figure 1 shows that, under these 
conditions, amlodipine acts in a manner that resembles 
previously described neutral DHPs. The figure summa- 
rizes an experiment in which pulse trains were applied as 
HP was changed from —80 to —50 mV. In the absence of 
drug, the amplitude of Ic, was constant during the train 
of pulses, whereas in the presence of amlodipine, current 
is virtually completely inhibited within 60 seconds. 

After block had been induced by this train protocol, 
cell membrane potential was returned to —80 mV with- 
out stimulation for 2 minutes. A train of very brief pulses 


y 


FIGURE 2. Recovery from ree 


ing voltages to 0 mV in the absence = 
(open circles) and presence (filled cir- a 
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FIGURE 3. Block in pH, 7.4 by ionized 


drug is slow. Control (open circles) and KA 
3 uM amlodipine (filled circles) records Q 
in response to 40-ms pulses applied re 
once every 5 seconds in a train proto- Z 
col. Holding potential was changed e 
from —80 to —40 mV during the onset Ow 
of the train. (Reprinted with permission ua 
from Ann NY Acad Sci.?!) i 


applied once every 30 seconds was then resumed. Two 
important points emerged: The first pulse of the train 
evoked a current as large as the first pulse of the previous 
train and block redeveloped at roughly the same rate. 
Thus, as had been shown for other neutral DHPs, block 
which is enhanced at positive voltages is readily relieved 
on return to negative membrane potentials, and repetitive 
pulsing to voltages that cause channels to open is not 
necessary to promote voltage-dependent block. 

The kinetics of recovery from block by neutral amlo- 
dipine are illustrated in Figure 2. The figure shows recov- 
ery of Ica at —80 mV after application of 20-second 
conditioning pulses in the absence and presence of a drug. 
In control, Ic, recovers from pulse-induced inactivation in 
less than 1 second. Amlodipine induces a slow component 
to the recovering current. This process, which was char- 
acterized by a time constant on the order of 10 seconds, 
most likely reflects recovery from drug-blocked channels. 
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Block by ionized amlodipine develops slowly and is 
difficult to reverse: As was the case for neutral drugs, 
block of Ic, by ionized amlodipine (pH, 7.4) was en- 
hanced by depolarized cell voltages, but the development 
of block was very slow if trains of brief pulses are applied 
(Fig. 3). However, in contrast to neutral drugs, develop- 
ment of block by ionized amlodipine was more rapid if 
pulse width was increased during the train (Fig. 4). This 
result is consistent with, but not proof of, the hypothesis 
that requires the channels to first open before ionized 
amlodipine can produce block (but see next). 

Figure 4 also illustrates another difference between 
ionized and neutral drug block: poor reversal of block at 
negative voltages. In the experiment of Figure 4, two 
pulse trains were applied in the presence of the drug. At 
first, brief pulses were applied infrequently (compare 
with Fig. 1) and then the cell was returned to —80 mV for 
2 minutes without pulsing. A second pulse train was im- 
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FIGURE 4. Amlodipine block in pH, 7.4: holding potential effects. Pulse train protocol applied in absence (open circles) and 
presence of 3 uM amlodipine (filled circles). Holding potential was changed from —80 to —50 mV and 200-ms pulses were ap- 
plied at 0.2 Hz. Single pulse protocol (filled circles) was also applied in the presence of drug. Here 20-ms pulses were applied 
once every 30 seconds. In the presence of the drug, the single pulse protocol was applied first, followed by the train protocol. 
The cell was held for 3 minutes without stimulation at the —80 mV holding between runs. Measured currents are plotted against 
the time after changing holding potential from —80 to —50 mV. Line through control data is intended only as a visual aid. The 
curves in the presence of drug are fitted exponential functions with the following time constants: pulse train, 2.5 and 38 sec- 
changing 


onds; single pulse, 100 seconds. The insets show currents measured 0, 30 and 60 seconds after 


holding potential to 


—50 mV. The first 66 ms of the 200 ms pulses are shown. (Reproduced with permission from J Gen Physiol.®) 


posed with longer duration pulses and block redeveloped; 
however, there was little evidence of recovery from block 
under these conditions. Thus, in addition to promoting a 
very slow onset of block, the ionized drug molecules react- 
ed much differently to membrane potential once the 
channel had been blocked. 

One possible explanation consistent with our findings 
for ionized amlodipine is that the DHP receptor lies with- 
in the calcium channel pore and that ionized drug mole- 
cules can only reach it after channels have opened. Fur- 
thermore, once bound to the DHP receptor, ionized amlo- 
dipine molecules can only unblock the channel if channels 
are forced to open again. 

To test for this possibility, we first wanted to deter- 
mine whether the DHP receptor was located near the 
outer or inner surface of the cell membrane. Here we used 
the marked contrast in activity of the charged and neutral 
drug molecules to determine whether external H+ ions 
could reach and affect the drug-bound DHP receptor. 

External hydrogen ion can reach the drug-bound di- 


hydropyridine receptor: We performed an experiment in - 


which changes in channel block induced by external pH 
were monitored in the same cell. In this protocol we 
exposed a cell to amlodipine in a solution buffered to pH 
6.0. At this pH, less than 0.25% of amlodipine molecules 
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are neutral. As expected, a depolarizing voltage pulse 
train promoted block, but now the rate of block was 
extremely slow with no recovery from block on returning 
to —80 mV (Fig. 5A). We then changed to an external 
solution buffered to pH 10.0 and measured recovery from 
block at —80 mV. Block was relieved within 30 seconds of 
the solution change. 

This experiment demonstrated several points. First, it 
confirmed the finding that the degree of ionization of the 
drug molecule does, in fact, affect the onset of and recov- 
ery from block. Block is even slower and more difficult to 
reverse if a greater fraction of drug molecules is charged. 
In addition, it showed that the drug-bound receptor was 
accessible to external H+ because block could be relieved 
by decreasing the external H* concentration (Fig. 5B). 

Because of this result, it was concluded that limits 
could be placed on the location of the DHP receptor. 
First, the receptor could lie within the channel as suggest- 
ed, but if so, a pathway must exist for Ht ions to reach the 
receptor even if channels are blocked. Second, the recep- 
tor could lie within the membrane bilayer but near the 
outer face of the cell surface. If the latter possibility 
proves correct, then channel block and unblock by the 
ionized drug molecule does not involve a trapping mecha- 
nism within the channel pore. 
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FIGURE 5. Influence of pH, on recovery from amlodipine block: pH, 6.0 and 10.0. Membrane currents were measured using 
voltage protocols that favor development of and recovery from block in solutions buffered to pH, 6.0 and 10.0. A, pH, 6.0. With 
the holding potential fixed at —80 mV, block was induced by application of 200-ms pulses to 0 mV at 0.5 Hz (open circles) and 
possible recovery was monitored by applying 20-ms pulses from —80 mV at 0.1 Hz (filled circles). B, relief of block in pH, 10.0. 
Circles represent same data as in A. With the holding potential fixed at —80 mV, currents were measured in response to 20-ms 
pulses applied to 0 mV at 0.2 Hz during a solution change to pH, 10.0 (filled triangles). (Reproduced with permission from J 


Gen Physiol.*) 


Block is not promoted by intracellular amlodipine: 
We applied amlodipine intracellularly to test for an intra- 
pore-binding site. In this experiment (Fig. 6) a high amlo- 
dipine concentration (50 uM) in the patch pipette was 
included and train protocols were applied that caused 
block when amlodipine was applied extracellularly. The 
currents recorded with the train protocol immediately 
after breaking through the membrane to establish whole 
cell recording conditions showed no voltage-dependent 
block and there was no evidence of additional block after 
another 15 minutes. Intracellular and pipette concentra- 
tions are expected to equilibrate within 12 minutes for 
pipette and cell dimensions of our experiments.'© Thus, 
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our result strongly suggests that ionized amlodipine does 
not reach the DHP receptor through a channel pore path- 
way but, instead, through the cell membrane. 


CONCLUSION 

We have shown that external pH modifies the block 
of Ic, by amlodipine over a pH range in which the degree 
of ionization of the drug molecule is changed. These re- 
sults have important implications for the actions of this 
drug as well as for the calcium channel that it modu- 
lates. 

Because block by neutral amlodipine is enhanced by 
depolarization without concomitant pulses and is revers- 
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ibly relieved at negative voltages, our work shows that the 
amlodipine molecule is capable of modulating calcium 
channel activity in a manner consistent with previously 
investigated DHPs. However, ionized amlodipine block 
of Ica at positive potentials is augmented by pulses that 
open channels and promote inactivation. Block by ionized 
amlodipine is also only partially relieved on hyperpolari- 
zation and the time course of the recovery that is observed 
is 10 times slower than that for neutral drug (see Kass 
and Arena!” for details). Thus, it is the degree of ioniza- 
tion of the amlodipine molecule that gives this drug its 
unique properties. !:? 

Furthermore influence of pH, on drug ionization and, 
in turn, on drug action may have important implications 
for the usefulness of amlodipine in treating electrical dis- 
orders related to the ischemic heart. For example, since 
pH, decreases during ischemia the fraction of ionized 
amlodipine molecules should increase. Block by ionized 
amlodipine is more persistent than for neutral drug so it 
may be more potent during ischemia and offer the protec- 
tive effects proposed for blockade of Ic,.!8 

In many ways, the results of our studies resembled the 
effects of pH, on local anesthetic block of sodium chan- 
nels that has been well characterized by the modulated 
receptor formalism.*° This would be particularly inter- 
esting because of the homology between the 2 channel 
types already documented from molecular studies (re- 
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ing conditions. The train protocol was to 
change from a —80 to a —40 mV holding 


ter changing from —80 to —40 mV at 1 
minute (circles) and at 15 minutes (trian- 


conditions. 
The insets show the superpositions of the 
first and last current trace of the trains. 


viewed by Catterall!?). However, some important differ- 
ences also emerged. In contrast to the local anesthetic 
receptor of sodium channels, the DHP receptor is not 
accessed by intracellularly applied amlodipine, making a 
channel pore pathway an unlikely possibility for the 
charged DHP. 

If ionized amlodipine does not reach the DHP recep- 
tor through the channel pore, it is likely that it acts 
through a membrane-bound pathway. This is possible if 
all but the polar headgroup of the amlodipine molecule 
partitions into the membrane bilayer as suggested by 
Mason et al.” In this case, ionized amlodipine would be 
restricted in its interactions with the DHP receptor and 
conformational changes of the channel protein induced 
by membrane potential would underlie the voltage-de- 
pendence of block that we have measured. 

Our experimental results place limitations on the loca- 
tion of the DHP receptor responsible for antagonistic 
activity. The drug-bound receptor is accessible to external 
hydrogen ions. Thus, the receptor either lies within the 
channel pore but near the external surface of the cell 
membrane or the receptor lies within the lipid bilayer 
adjacent to the channel pore but also near the external 
surface of the membrane. Ongoing experiments are de- 
signed to distinguish between these 2 possibilities and to 
determine the mechanism that underlies the irreversibili- 
ty of block by the ionized molecule. 
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FIGURE 2. Binding-inhibition profiles for (+) niguldipine. Effects of dilution protocols. Top, inhibition data for 1,4-dihydropyri- 
dine receptors: (+) niguidipine was prepared in 100% dimethylsulfoxide (DMSO) as a 10 mmol/liter solution in a glass vial. Seri- 
al dilution was then performed either in 100% DMSO in glass vials (open symbols) or in buffer A in polypropylene tubes (closed 
symbols). Either 5 ul of the DMSO dilutions were added subsequently to the 0.495 ml assay volume or 50 „L of the buffer dilu- 
tions were added to the 0.2 ml assay volume to achieve the desired total final drug concentration as indicated. (+) [3H] Isradipine 
was 0.28 nmol/liter, the concentration of skeletal muscle T-tubule membranes was 0.006 mg/m. The assay was incubated for 
60 minutes at 37°C (nonspecific binding definition 1 „M (+) isradipine). The data (duplicates) for specific binding were parame- 
ter-optimized according to De Lean et al!’ and the following constants (asymptomatic + standard deviation) were derived. Dilu- 
tions in DMSO: ICso = 0.479 + 0.059 nmol/liter, nH = 1.16 + 0.10; standard dilution protocol: ICso = 16.3 + 1.8 nmol/liter, nH 
= 1.51 + 0.21. Bottom, inhibition data for «;, adrenoceptors. Dilutions were performed either in 100% DMSO in glass vials 
(open symbols) or in buffer B in polypropylene tubes (closed symbols). Drug additions were the same as in top. The assay was 
incubated for 60 minutes at 25°C in the presence of 10 „M 5-HT; the rat brain cortex membrane concentration was 0.5 mg pro- 
tein/mi. [3H]-5-Methyl-urapidil was 1.22 nmol/liter (nonspecific binding definition 1 .M prazosin). The following parameters 
were determined: DMSO protocol: ICs) = 1.58 + 0.02 nmol/liter, nH = 1.49 + 0.22; standard protocol: ICs = 42.9 + 0.5 nmol/ 
liter, nH = 2.66 + 0.47. 
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FIGURE 3. A (left), retention of niguldipine by pipet tips depends on diluent. In this experiment a (+) niguldipine stock solution 
(10 mmol/liter) with 62.3 .Ci/mi (+)-[3H] niguidipine (radiochemical purity >90%) was diluted to 1 molliter in dimethyisulfox- 
ide (DMSO) (open columns) using glass tubes and 100 ul yellow Eppendorf™ tips for transfer (1:10 dilutions). Pipet tips were 
not washed and subsequently counted for radioactivity. In a parallel experiment, again in glass tubes, dilutions were in buffer A 
(hatched columns). Pipette tips-retained niguldipine was calculated as the percentage of niguldipine recovered in the respective 
dilutions. The mean percentages (+ standard error of the mean for 24 tips) are shown and are labeled with “Transfer.” Right, 
simulated binding-inhibition experiment. Solutions of (+)-[3H] niguldipine (52.1 Ci/ml) were prepared in DMSO and in glass 
tubes to give a concentration of 0.1 umol/liter. This solution was further diluted in 2 ways: (1) According to the standard proto- 
col a 1:10 dilution was performed in buffer A in Eppendorf tubes followed by a 1:1 dilution again in buffer A to give the stan- 
dard protocol stock solution (5 nmol/liter); 50 4L of the latter were added to 200 uL of assay volume at different time intervals 
to yield a final concentration of 1 nmol/liter. (2) According to the DMSO protocol, 5 uL of the 0.1 ymol/liter DMSO solution 
(DMSO protocol stock solution) were directly added to 495 „L of assay volume (buffer A) to yield the same final 1 nmol liter 
concentration as in (1). The radioactivity of the 1 nmol/liter final simulated assay solutions were determined by liquid scintilla- 
tion counting. A standard Eppendorf pipet was used for transfer and simulated assay pipetting. B, the preparation of the 1 
nmol/liter simulated assay solution was repeated at different time intervals from the same stock solutions (i.e., the 0.1 .mol /liter 
solution in DMSO or the standard protocol stock solution). The recovered radioactivity in the simulated “assays” is shown for 
the DMSO protocol (open columns) and the standard protocol (hatched columns). The dotted line represents the desired niguldi- 
pine concentration (1 nmol/liter) which was achieved with the DMSO protocol at every time interval. The slightly higher-than-ex- 
pected niguldipine concentration was probably due to unprecise pipetting of organic DMSO with the standard Eppendorf pipet. 
When the standard protocol was used for dilution of niguldipine, less than 30% of the desired niguidipine concentration was re- 
covered in the simulated assay immediately after preparation of the 1:20 dilution. Furthermore, a drastic decrease of simulated 
assay-recovered niguidipine concentrations is seen with time, indicating time-dependent adsorption of niguidipine to the walls of 
the tube in which the standard protocol stock solution was kept. Tip-retained radioactivity is shown on the left and is expressed 
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as the percentage of niguldipine found in the simulated assay. (Reproduced with permission from Eur J Pharmacol.) 


ing to Linden,’ with an algorithm accounting for varia- 
tions of Rr. There was almost no dependence of the 
calculated Kjs for (+) isradipine or prazosin, indicating 
that the dependence was not caused by methodologic 
error. Rather, these results pointed to an unavoidable and 
systemic error for (+) niguldipine which was not correct- 
ed for by the Linden formula’ but was somehow related 
to the membrane protein concentration. The most likely 
explanation was depletion of the unlabeled ligand by a 
hydrophobic membrane compartment. In experiments in 
which we studied the partitioning of different radiola- 
beled 1,4-dihydropyridines, “biological” partition coeffi- 
cients were much higher for niguldipine than for isradi- 
pine or nitrendipine.? In assays where heat-denatured 
skeletal muscle T-tubule membranes (totally devoid of 
high affinity L-type Ca** channel-linked DHP binding as 
well as a -adrenoceptors) were added to a constant low 
concentration of native skeletal muscle T-tubule mem- 
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branes or rat cerebral cortex membranes, the K; values 
for (+) niguldipine strongly depended on the amount of 
denatured membrane protein. This dependence can be 
mathematically described by the following function?: 
Kiapp = KitrueP**Vin/Ve + Kj, true, where Ki app and 
Ki true are the experimentally observed and “true” K; val- 
ues, P* the biologic partition coefficient, Vm the volume 
of the membrane compartment (estimated to be 2 uL/mg 
protein), and Vp the volume of the watery phase of the 
assay which is practically identical to the total assay 
volume (see Reference 2 for details). Figure 5A shows 
that for the skeletal muscle T-tubule membrane-linked 
1,4-dihydropyridine receptor, a “true” K; of 0.142 nmol/ 
liter was calculated, yielding a P* value of 9.43 X 104. 
Unlabeled isradipine, the K; of which only slightly de- 
pended on the membrane protein concentration in the 
assay, displayed a true Kj of 1.15 nmol/liter and a P* of 
2.88 X 10°. Both P* values are in excellent agreement 
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FIGURE 4. Dependence of K; and Kp values on “receptor concentration.” Left, various concentrations of partially purified skele- 
tal muscle T-tubule membranes (ranging from 130.5 to 1,485 pmol /lter) were used to evaluate the K; values for (+) niguidipine 


and (+) isradipine. The Bmax in this particular 


preparation was 15.0 + 2.5 pmol/mg protein, the Kp 0.7 + 0.2 nmol/liter (n = 3). 


The binding abilities of the (+)-[3H]-isradipine (6 months storage at —20°C) was determined!! and was 0.498 (i.e., 50%); fresh 
batches had binding abilities of >80%. The total (bindable) ligand concentration in the assay varied between 617 and 1,082 
pmol/liter, the receptor concentration from 130.5 to 1,485 pmol /liter. The incubation time was 60 minutes at 37°C. K; values 
were calculated by the equation given by Linden.” The K; values were derived from either the total receptor concentration (Rr) 
and the Kp from saturation experiments or the free, calculated ligand (total ligand minus measured bound ligand) concentration 
(in the absence of competitor). The Kp values (open squares) for the labeled ligand (at each receptor concentration) were calcu- 


lated for each competition e 


from the concentrations of free [F] and bound [B] ligand as follows: Kp = [F] [Ry — B)/(B). 


The mean Kp was 0.76 + 0.32 nmol/liter for all Ry concentrations; pK; or pKp values are plotted against the logio of Rr. The 
data for (+) niguidipine (closed circles) and for (+) isradipine (open circles) were fitted by linear regression yielding the following 
extrapolated values: (+)-isradipine: Ry = 100 pmol /liter, pK; = 9.29; Rr = 2,000 pmol /liter, pK; = 9.05; (+)-niguidipine: Ry = 
100 pmol /liter, pK; = 10.09; Ry = 2,000 pmol/liter, pK; = 8.41. Right, varying concentrations of rat brain cortex membranes 
(a,a-adrenoceptor concentration 18.2 to 59.4 pmol /liter) were used to evaluate the K; values of (+) niguidipine and prazosin. 
The Bmax in this membrane preparation was 115.5 + 3.1 fmol/mg protein and the Kp 0.889 + 0.219 nmol/liter (n = 4). The as- 
say was incubated for 60 minutes at 25°C. K; values were calculated by the Linden equation using total receptor concentration, 
ligand concentration and the Kp. In the figure pK; values are plotted against Ry. Linear regression analysis gave the following 
constants for (+) niguldipine (squares): “true” K;: 0.140 nmol/liter, slope —0.0202 (r = —0.93). For prazosin in the same exper- 
iment: “true” K;: 0.060 nmol/liter, slope —0.0027 (r = —0.62). The true K; value is the intersection point of the regression line 
where the concentration of “receptors” (i.e., membrane protein) is infinitesimally small. (Reproduced with permission from Eur J 


Pharmacol.) 


with the partition coefficients obtained by direct radiola- 
bel distribution experiments.” 

The same dependence of experimentally determined 
K; values on membrane protein concentration holds true 
for (+) niguldipine’s interaction with a), adrenoceptors 
in rat brain cortex membranes as can be seen in Figure 
5B. The calculated true K; was 0.56 nmol/liter, the P* 
1,973. Prazosin, on the other hand, displayed a P* of only 
56. Correspondingly, its calculated true K; of 0.081 
nmol/liter did not differ significantly from the experi- 
mentally determined values. Kj true Was extrapolated from 
Ki app according to the following relation: 


K; 
K i,a 


i,true ~ (P* “xX + 1) 


where Kj app is measured at the (membrane compart- 
ment/total assay volume) ratio “x”. To convert the aver- 
age protein concentrations into x, (mg/ml) protein was 
multiplied by 2 X 107? (ml/mg), as a constant volume 
(Vim, 2 uL/mg protein) was assumed for the membranes. 

Interaction of niguldipine with the L-type Ca2* chan- 
nel: Figure 6 (top) shows an example of a binding-inhibi- 


tion experiment for (+) niguldipine and its optically pure 
enantiomers to 1,4-dihydropyridine receptors in skeletal 
muscle T-tubule membranes. Similar experiments were 
performed with 1,4-dihydropyridine receptors in heart or 
brain membranes (not shown). The eutomer (+) niguldi- 
pine bound with very high affinity and the following rank 
order of K; values: heart = skeletal muscle > brain; the 
extrapolated (true) K; values were: 0.045 nmol/liter 
<0.085 nmol/liter <0.14 nmol/liter).” The eudismic ra- 
tios (K; of (—) niguldipine divided by the K; of (+) 
niguldipine) in skeletal muscle, brain and heart were: 
45.1, 32.8 and 37.5, respectively. The K; values for (+) 
niguldipine were approximately twice the K; value of the 
eutomer, as is expected. 

Proof for the competitive nature of (+) niguldipine’s 
interaction with the 1,4-dihydropyridine receptor was ob- 
tained by dissociation experiments (Fig. 7, top). Addition 
of 1 uM (+) niguldipine did not change the dissociation 
rate constant of the (+) [PH] isradipine receptor complex 
(control k_; = 0.0537 + 0.0107 min™!; k- in presence of 
(+) niguldipine = 0.0705 + 0.0055; n = 2). 

In conclusion, (+) niguldipine is a very high affinity, 
competitive ligand for 1,4-dihydropyridine receptors. 
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FIGURE 5. Dependence of K; values (K; app) on the concentration of added denatured membrane protein. A, (+) niguidipine inter- 
action with 1,4-dihydropyridine receptors in skeletal muscle T-tubule membranes. Increasing concentrations of heat-denatured 
skeletal muscle T-tubule membranes (completely devoid of high affinity 1,4-dihydropyridine receptor as well as of ay-adrenocep- 
tors binding) were added to a constant concentration of native skeletal muscle T-tubule membranes (6 g/ml). Apparent K; val- 
ues were calculated as means from 3 different experiments (each performed in duplicate) and were plotted against the final pro- 
tein (denatured plus native membrane) concentration. The ratio of the membrane compartment (assumption: 2 J/mg protein) to 
total volume, i.e., volume in which the drug is distributed (Vf *V7) is also indicated. Linear regression analyses gave the follow- 
ing parameters for (+) niguidipine (closed circles, r = 0.99): Ki true = 0.142 nmol/liter; slope (i.e., Ki true © P*, where P* is the bio- 
logical partition coefficient) was 1.3 x 10-5 mol/liter and P* = 9.43 x 104, i.e., log P* = 4.97 (see Methods for detailed de- 
scription of terms). The data from parallel experiment and (+) isradipine (open symbols) were analyzed as above (r = 0.94): K;, 
true = 1.15 nmol/liter, slope = 0.32 X 10-5 mol/liter and P* = 2.88 x 103, i.e., log P* = 3.46. B, (+) niguldipine binding to rat 
cerebral cortex ai, adrenoceptors. Increasing concentrations of heat-denatured rabbit skeletal muscle membranes were added 
to 0.44 mg/ml rat cortex membranes to yield the total membrane protein concentrations shown on the abscissa. Apparant K; 
values for (+) niguidipine (closed squares) and prazosin (open triangles) were calculated from the respective ICs values for 
[3H]-5-methyl-urapidil binding according to Linden.’ V,,/V- ratios were calculated as described above. Linear regression analy- 
sis yielded a K; rue of 0.56 nmol/liter and a P* of 1,973 for (+) niguldipine (r = 0.96). The calculated Ki true Value for prazosin 
was 0.081 nmol/liter, the biological partition coefficient, P*, was 56 (r = —0.22). (Reprinted with permission from Eur J Phar- 


macol.) 


Interaction of (+) niguidipine with a; adrenoceptors: 
Table I summarizes binding data of several ligands to 
both a ;-adrenoceptor subtypes (termed a;, and aj p,°) 
using [>H]prazosin and [3H]-5-methyl-urapidil as radio- 
ligands. [°H]-5-methyl-urapidil selectively labels aj, 
adrenoceptors.* [7H]prazosin, on the other hand, labels 
both a}, as well as œg adrenoceptors in rat brain cortex 
membranes.” In both [*H]prazosin and [3H]-5-methyl- 
urapidil-binding inhibition assays, (+) niguldipine dis- 
played nearly identical affinity to œa adrenoceptors. The 
same holds true for the distomer, (—) niguldipine, as well 
as the racemic mixture. The [*H]-5-methyl-urapidil 
binding-inhibition data of (+), (+) and (—) niguldipine 
for œa adrenoceptors in rat brain cortex membranes are 
shown in Figure 6, bottom. When [2H]prazosin was used 
as radioligand, (+) niguldipine discriminated clearly be- 
tween the 2 subtypes of a; adrenoceptors, displaying a 
617-fold higher affinity for the a; ,4-adrenoceptor subtype 
(Table I). (—) Niguldipine showed almost no discrimina- 
tion between the 2 receptor subtypes (Table I). 

Dissociation experiments (as exemplified in Figure 7, 
bottom) proved the competitive nature of (+) niguldipine 
inhibition of [7H]-5-methyl-urapidil labeled aj, adreno- 
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ceptors; addition of 1 uM (+) niguldipine did not change 
the dissociation rate of the [*H]-5-methyl-urapidil-a; 4- 
adrenoceptor complex. 


DISCUSSION 

In conclusion, it has been shown that (+) niguldipine 
interacts with a; adrenoceptors, displaying a high selec- 
tivity for the œa- over the a;p-adrenoceptor subtype,” 
whereas (—) niguldipine does not discriminate between 
the 2 subtypes. (+) Niguldipine also binds with very high 
affinity to the 1,4-dihydropyridine-receptor domain of 
the L-type Ca?+ channel and does not discriminate be- 
tween the tissue-specific subtypes. Radioligand-binding 
assays with niguldipine are an excellent example for the 
methodologic problems that might occur in this line of 
receptor research. The DMSO protocol as well as the 
assessment of a possible K; dependence on Ry (after 
correcting ICs9 values with the Linden’ formula) is now 
standard in our laboratory. 
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FIGURE 6. Top, Inhibition profiles of (+)-[3H] isradipine—la- 
beled guinea-pig skeletal muscle T-tubule membranes. Guin- 
ea-pig skeletal muscle T-tubule membranes (0.01 to 0.027 

mg protein/ml) were incubated in an assay volume of 0.5 mi 
with 0.84 to 1.39 nmol/liter (+)-[2H]-isradipine in the pres- 
ence of varying inhibitor concentrations for 60 minutes at 
37°C. (+) niguldipine (triangles): ICso, 0.873 + 0.004 nmol /li- 
ter; nH, 1.01 + 0.08; (+) niguldipine (rhomboids): ICso, 1.54 
+ 0.01 nmol/liter; nH, 1.38 + 0.09; (—) niguldipine (circles): 
ICso, 15.11 + 0.12 nmol/liter; nH, 0.72 + 0.07. Values 

shown are means of 2 to 3 experiments, each performed in 
duplicate. Bottom, inhibition profiles of [3H]-5-methyl-urapidil- 
labeled a1, adrenoceptors in rat brain cortex membranes. Rat 
brain cortex membranes (0.268 to 0.536 mg/ml) were incu- 
bated in an assay volume of 0.5 mi with 0.7 to 1.7 nM [°H]-5- 
methyl-urapidil in the presence of varying inhibitor concentra- 
tions for 60 minutes at 25°C. A 5-HT mask (10 M) was 
used. K; values were calculated from ICs values according to 
Linden’: prazosin (squares): K;, 0.091 + 0.009 nM; nH, 1.17 
+ 0.10; (+) niguldipine (triangles): K;, 0.729 + 0.136 nM; nH, 
0.93 + 0.03; (+) niguidipine (rhomboids): K;, 1.5 + 0.18 nM; 
nH, 1.08 + 0.10; (—) niguldipine (circles): Ki, 15.71 + 3.61 
nM; nH, 1.00 + 0.07. Values shown are means of 3 to 4 ex- 
periments each performed in duplicate. 
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FIGURE 7. Top, dissociation kinetics of (+)-[°H] isradipine and 
1,4-dihydropyridine receptors in guinea-pig skeletal muscle T- 
tubule membranes. After 90 minutes of incubation of 0.023 
mg protein/ml with 497 pmol/liter (+)-[3H] isradipine at 25°C, 
dissociation was initiated by addition of 1 ,mol/liter (+) isradi- 
pine either alone or together with 1 .mol/liter (+) niguidipine 
at 25°C. In this figure the semilogarithmic plot of In (B,/B.) vs 
time is shown. The slope was determined by linear regression 
and yielded dissociation rate constants, k_,, of 0.064 min`? (r 
= —0.95) for 1 moliter (+) isradipine (squares) and 0.076 
min`! (r = —0.98) for 1 ymol/iter (+) isradipine together with 
1 umol/iter (+) niguldipine (triangles). Bottom, dissociation 
kinetics of [3H]-5-methyl-urapidil and «1a adrenoceptors in rat 
brain cortex membranes. After 40 minutes of incubation of 
0.397 mg protein/ml with 1.1 nmol/liter (3H]-5-methyl-urapi- 
dil in an assay volume of 0.5 ml, dissociation was initiated by 
addition of 1 „mol/liter prazosin either alone or together with 
1 umol/iter (+) niguidipine at 25°C. The data were trans- 
formed as above. The following k—; values were obtained: 
0.189 min— (r = —0.99) for 1 umol/liter prazosin (squares) 
and of 0.178 min— (r = —0.98) for 1 «mmol/liter prazosin in 
the presence of 1 umol/liter (+) niguldipine (triangle). Values 
shown are from one representative experiment, performed in 
duplicate. 
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TABLE I Binding Data for Alpha; Adrenoceptors in Rat Brain Cortex Membranes 





Ky Ky Selectivity 
Compound nH (nmol/liter) (nmol/liter) % Ry p Value Index 
Radioligand: [3H]Prazosin* 
Prazosin 0.84 + 0.06 0.081 + 0.02 ae 100 ae X 
(+) Niguldipine 0.64 +0.10 0.052 + 0.035 321414 4994+5 <0.01 617 
(—) Niguldipine 0.764+0.12 2.25 + 0.39 488+53 56.6 42.4 <0.05 21-7 
5-Methyl-urapidil 0.63 + 0.03 0.82 + 0.28 77.8 +38 46.3+69 <0.01 95.0 
Radioligand: [2H]-5-Methyl-urapidil’ 

Prazosin 1.1740.10 0.091 + 0.006 Fae e ee: 
(+) Niguldipine 0.93+0.03 0.729 + 0.136 (0.145) — — -— — 
(+) Niguldipine 1.08+0.10 1.50 + 0.18 (0.298) — —- —- — 
(—) Niguldipine 1.00 + 0.07 15.71 + 3.61 (3.120) — =- —-- — 
5-Methyl-urapidil 0.96 + 0.02 0.575 + 0.150 — — —- — 


* Binding inhibition parameters for a; adrenoceptors in rat brain cortex membranes labeled with [3H]-prazosin: 0.05 to 0.15 mg proteins /ml were incubated in an assay volume of 


0.5 ml with 0.30 to 0.50 nmol/liter [3H]-prazosin for 45 to 60 minutes at 37°C. The selectivity index was calculated from K, /Ki, 


The p value is given in the Table in cases in which 


the LIGAND program’® indicated a significantly better fit of the binding-inhibition data for a two-site model. 
t Binding inhibition parameter for a; adrenoceptors in rat brain cortex membranes: 0.22 to 0.55 mg protein /mil were incubated in an assay volume of 0.5 ml with 0.72 to 1.73 
nmol/liter (3H]-5-methyl-urapidil for 60 minutes at 25°C in the presence of 10 umol/liter 5-HT. Extrapolated (“true”) K, values for niguldipine and its enantiomers are shown in 


parenthesis. 
The following parameters are listed in this table: nH = 
described by Linden,’); Ky, K, value (Kẹ = dissociation constant for a high affinity, Ki 


Adapted from Eur J Pharmacol 
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PANEL DISCUSSION 


Dr. Godfraind (Brussels, Belgium): | would just like 
to confirm that we have just done that with flunarizine. 
We also saw, in unpublished results and methodology, 
that the concentration of receptors will change the K; but 
I do not know why. 

Dr. Kass (Rochester, New York): I agree that the idea 
that a neutral drug should have free access is naive; we 
have some experiments to show this is not true for even 
nisoldipine and nifedipine, i.e., that they don’t move so 
freely through the lipids. The other point concerns the 
question of the kinds of things that we can measure, 
which are not binding assays but activity of the drug, let’s 
say, as a function of time. When the drug is charged, it’s 
really hard to work with, because once the channel is 
drug-bound or blocked or whatever, it is that which 
Causes it to be nonactive, so that it can’t recover. You only 
recover a small fraction. But when the drug is neutral, it is 
a nice tool, because you can relieve the block quickly, and 
you can continue experiments with time and find that the 
kinetics of block and recover from block are constant, 
provided you don’t have additional drug washing around 
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pseudoHill coefficient; K; value (determined from the ICso value, considering radioligand and receptor concentration as 


bec | for a low affinity binding site, respectively), Ru. Ri (Ru, proportion of binding sites with a 
dissociation constant K,, respectively). The data from at least 3 different experiments are given as mean + standard error of the mean 





the membrane. If you keep the drug in the bath, the 
membrane continues to take it up and the kinetics change 
with time. 

Dr. Schwartz (Cincinnati, Ohio): That’s a very impor- 
tant observation. Of course, binding at pH of 10 is going 
to be very difficult. 

Dr. Glossmann (Innsbruck, Austria): For skeletal 
muscle it is the optimal pH. This is one of the differences 
between the a; subunit in the heart and smooth muscle 
and brain. The skeletal muscle has only one pK value, and 
it is optimal between pH 5 and 10. 

Mr. Burges (Sandwich, England): We have started to 
do some experiments using some custom labelled tritiated 
amlodipine. Unfortunately, this is the racemic mixture, 
because Amersham was unable to label the pure isomer 
for reasons I don’t understand. 

Dr. Glossmann: We have coupled your unlabeled 
compounds and made a nice ligand. 

Mr. Burges: This study was carried out to show the 
association rate of this compound. To my mind, it con- 
firms the point that was made earlier. The slow onset of 
action of this drug is a receptor event. The nonspecific 
binding was rather high, as I think you would expect with 
this type of drug. Nonetheless, that binding is constant 
with time. From the total binding and the calculated 
specific binding, we calculated an association rate con- 
stant. We have also done a dissociation experiment and 
have shown a correlation between the association and 
dissociation rates from this binding experiment. The cor- 
relation between that and the functional studies in rat 
aorta and smooth muscle is actually very good. I think 
this is evidence that the slow rate of association and 
dissociation are receptor events. 
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amlodipine | is a light-insensitive and water soluble 
4-dihydropyridine with prolonged vasodilatory 
action and plasma half-life. To determine whether 
the vasodilatory action of amlodipine is due to inhi- 
bition of voltage-dependent Ca* influx through the 
calcium channel, its effects on KCI-induced con- 
traction of pig coronary artery rings and its inter- 
action with the 1,4-dihydropyridine binding site in 
isolated sarcolemmal membranes were studied. The 
contractile function of artery rings was studied in 
an organ bath system, and the interaction with the 
1,4-dihydropyridine binding site was studied in iso- 
lated sarcolemmal membranes of pig coronary ar- 
tery using [3H](+)PN200-110 as a radioligand. 
Amlodipine, (+)PN200-110 and (—)PN200-110 in- 
hibited KCI-induced contractions of arterial rings in 
a dose-dependent manner. The half-maximal inhibi- 
tion (ICso) was observed at 0.46 + 0.02, 36 + 8 
and 55 + 9 nM of (+)PN200- -110, (—)PN200-110 
and amlodipine, respectively. [7H](+)PN200-110 
was found to bind to isolated sarcolemmal mem- 
branes with high affinity (Kp = 0.04 nM, Bmax = 
312 fmoles/mg protein) and stereospecifically, 
(+)PN200-110 (K; = 0.05 nM) having about 130- 
fold higher affinity than (—)PN200-110 (K; = 6.61 
nM). Amlodipine also inhibited [H](+)PN200-110 
binding with high affinity (K; = 4.41 nM). The inhi- 
bition was characterized by an increase in Kp of 
binding of [3H](+)PN200-110 with very little effect 


on Bmax: The order of relative potency of inhibition 


of KCl-induced contraction was almost identical to 

{ der of relative affinity for the 1,4-dihydropyr- 
idine binding site, as indicated by K;. Thus, the data 
te that the vasodilatory action of amlodipine 
on pig coronary artery is probably due to its bind- 
h s to the 1,4-dihydropyridine binding site in the 
volta 3 ent calcium channel and the result- 
ing inhibition of Ca2* influx in vascular smooth 
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alcium antagonists, calcium channel blocks 

calcium entry blockers are a group of or 

compounds, with disparate chemical stru 
originally described by Fleckenstein’ as antagonizing 
tracellular calcium-dependent contractions of ca 
and vascular smooth muscles. Based on their che 
structures, they are now divided into 3 subgroups 
dihydropyridines represented by nifedipine, benzot! 
pines represented by diltiazem and phenylalkyla: 
represented by verapamil. In vitro, these agents 
blood vessels at low concentrations and inhibit ca 
contractility at high concentrations.' These effec 
primarily due to blockade of voltage-dependent Ca” 
flux through the L-type channel in the cell membrane? 
Specific binding sites for each of these subgroups ofcalci- 
um channel blockers have been identified in various tis- > 
sues.? Although these binding sites appear to be distinct 
from each other, interactions between | .4-dihydropyri- ae 
dines and benzothiazepines have been observed in bind- 
ing to isolated membranes*° as well as in contractionsof oo 
isolated heart preparations.’ The pharmacologic as well 
as the therapeutic significance of these interactions-re- = 
mains unknown, but individually they act as vasodilators 
and therefore a number of these compounds have been” 
found useful in the treatment of cardiovascular diseases. 
including angina pectoris, cardiac arrhythmias and hy- 
pertension. However, most of these drugs have short du- 
ration of action and short plasma half-life.8-!° Despite 
frequent dosing, they provide inadequate control of peri: 
odic variations in blood pressure, particularly in earl 
morning when ischemic heart attacks are more freque 
Thus, a calcium channel blocker of long duration of ¢ 
tion or plasma half-life, or both, is expected to be more 
useful in the control of chronic hypertension and ischemi 
heart attacks. 

Amlodipine is a light-insensitive and water sci 
1,4-dihydropyridine-type calcium channel blocker. dl 
has a long duration of vasodilatory action and plas. 2 
half-life when compared with nifedipine.'!~!? Thus, ar 
lodipine could be potentially a desirable therapeutic ag 
for the treatment of hypertension and heart attack, 

The present study was performed to determine w] 
er the relaxing effect of amlodipine on pig coronary < a 
segments contracted by depolarization and opening 0 
voltage-dependent Ca?* channel in intact tissue. th 
relates to its action at the 1,4-dihydropyridine bin 
of the Ca?+ channel characterized: b 
[PH] (+)PN200-1 10 binding- to isol: 
membranes, se : 










Drug Concentration 
Log (M) 
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ae Contraction of pig coronary artery: Pig hearts were 
ise obtained from a local slaughterhouse and transported to 
-< the laboratory in cold (10 to 15°C) Krebs-Ringer bicar- 
<- = bonate buffer solution. The right circumflex artery was 
_.. dissected and placed in Krebs-Ringer solution gassed 
< with 95% O, and 5% CO) at room temperature. The 
artery was cleaned of extraneous fatty and connective 
tissues and cut into rings 5-mm long. The endothelium 
<: was removed by gently rubbing the inner surface with a 
plastic rod. The rings were mounted horizontally in organ 
_ bath containing 25 ml Krebs-Ringer solution bubbled 
with 95% O, and 5% CO; at 37°C. A basal tension of 5 g 
owas applied with a force transducer (FT 03, Grass Instru- 
ments Co., Quincy, Massachusetts) and recorded on a 
- -Grass Instruments model 7 polygraph. The complete re- 
moval of endothelium was tested by absence of relaxation 
f norepinephrine-induced contraction with acetylcho- 
ne. The Krebs-Ringer bicarbonate buffer used in the 
tudy had the following composition (mM): NaCl, 118.5; 
Cl, 5.74; MgSOg, 1.18; CaCl, 2.54: NaHCO,, 24.9; 
glucose, 10; and EDTA, 0.03, pH 7.4. The rings were 
reincubated in this solution approximately 2 hours with 
_achange in solution approximately every 30 minutes. The 
rings were then contracted with 45 mM KCI for about 15 
inutes to produce about 95% of maximal KCl-induced 
contraction followed by washing with normal Krebs solu- 
. This KCl-induced contraction and wash was repeat- 
d 3 times. After the fourth contraction, when maximal 
sion was achieved, amlodipine was added in the exper- 
al samples. At least l pair of rings were maintained 
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mum with 45 mM KCI and then cinta: 
tive doses of amlodipine (AMLO.), v 
(ENECO T10 ani OPER TO a 







drugs were prepared in ethanol and were diluted with - 
distilled water. The final concentration of ethanol in the. 
bath was less than 0.01% which produced no effect'on — 
tension. The data were analyzed using nonlinear least- 
squares program (ALLFIT)'4 in an Apple Ie computer. 
Isolation of sarcolemmal membranes from pig coro- 
nary artery: Subcellular membranes were prepared as 4 
described previously.'> Briefly, the right circumflex and 
parts of the left circumflex and left anterior descending 
arteries were dissected from the heart and placed in ice- 
cold buffer containing 250 mM sucrose and 10 mM mor- 
pholinopropane sulfonic acid (Mops)-HClI buffer, pH | 
7.2. The arteries were placed on an inverted glass beaker = 
packed with ice as described previously. The extraneous 
connective and fatty tissues were removed from the exter- 
nal surface and the arteries were cut longitudinally to — 
open the inside surface. The inside surface was gently _ 
scraped with a sharp plastic edge (made by cutting a 
P5000 plastic tip of a Gilson pipeter) to remove the endo- 
thelial layer. The medial layer containing smooth muscle ~. 
cells was stripped off from the adventitial layer and. 
placed in ice-cold sucrose/Mops buffer. Homogeniza- 
tion, differential and sucrose-density gradient centrifuga- 


‘tion were performed at 0 to 4°C to isolate subcellular = 
















membranes as described previously.'> The procedure re- 
sulted in the isolation of 6 different membrane fractions. 
Differential centrifugation of the homogenate at 500 Xg 
resulted in the isolation of a postnuclear supernatant frac: 
tion. Centrifugation of the postnuclear supernatant at- 
10,000 X g resulted in a mitochondrial membrane frac 
tion. Centrifugation of the postmitochondrial superna: 
tant at 105,000 X g resulted in a microsomal membran 
fraction. Further subfractionation of the microsom 
membrane fraction by sucrose-density gradient centri 
gation resulted in separation of 3 distinct membra: 

tions: (1).a fraction in the: in 


















nated F2 and F4, respectively, contain very little 
memt ranes and were discarded. All the membrane frac- 
tions were suspended in sucrose/Mops buffer, and pro- 
tein concentration was determined according to the Low- 
ry procedure. The yield of sarcolemmal membranes in F1 
fraction was 0.112 + 0.05 mg/g tissue (n = 10). 

- -Binding of [3H](+)PN200-110: Binding of 
È H] (+)PN200-1 10 to isolated membranes was per- 
formed in 1-ml incubation buffer containing 150 mM 
NaCl, 1 mM CaCl, and 50 mM Tris-HCl, pH 7.4. The 
isolated membranes containing 10 to 40 yg protein were 
incubated at 37°C for 4 hours before termination by 
dilution with 4 ml 50 mM TRIS-HCI buffer (pH 7.4) at 
0°C and rapid filtration through Whatman GF/C filter 
paper in a Brandel Cell Harvester (Brandel, Gaithers- 
burg, Maryland). The filter paper containing the mem- 
branes was washed 3 times with 4-ml cold 50 mM TRIS- 
HC! buffer (pH 7.4). The filter paper was then collected, 
immersed in 7-ml scintillation fluid and counted for ra- 
dioactivity in a Beckman Scintillation Counter. Nonspe- 
cific binding was determined by carrying out parallel 
experiments in the presence of 1077 M unlabeled 
(+)PN200-110. The data were analyzed by the LI- 
GAND program!® on an Apple He computer. 

Activity of 5’-nucleotidase: Activity of 5’-nucleotid- 
ase, a marker for cell membrane in vascular smooth mus- 
cle, was assayed according to a procedure described pre- 
viously.!° 


: MATERIALS 

 (+)-[5-methyl-3H]PN200-110 was obtained from 
‘New England Nuclear (DuPont) Co., Wilmington, Dela- 
ware. (+)PN200-110 and (—)PN200-110 were obtained 
from Sandoz Pharmaceuticals Corporation, East Hano- 
ver, New Jersey, and amlodipine from Pfizer, Sandwich, 
United Kingdom. All other chemicals were of purest 
grade commercially available. 







< Relaxation of coronary artery rings: Coronary rings 
y contracted due to depolarization with KCl, in a concen- 
ation-dependent manner. The half-maximal tension 
bserved at 16.8 mM KCI. The effects of amlodipine, 
PN200-110 and (—)PN200-110 were studied on 
contracted to 95% of the maximal tension with 45 
M KCI. The active tension of the rings contracted with 
45 mM KCl, was inhibited by amlodipine in a dose- 
dependent manner (Fig. 1). The half-maximal inhibition 
‘was observed at 55 + 9 nM (n = 6) amlodipine. 
-(+)PN200-110 and (—)PN200-110 also relaxed KCI- 
induced contraction in a dose-dependent manner (Fig. 1). 
‘However, (+)PN200-110 was more effective than 
~(=)PN200-110. The half-maximal inhibition (1Cso) of 
-contraction was observed at 0.46 + 0.02 and 36 + 8 nm (n 
) of (+)PN200-110 and (—)PN200-110, respectively. 
hough the amlodipine dose-response curve appears 
hat shallower, the difference in ICsq between 
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200-110 and amlodipine was not statistically sig- 
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induced by the influx of Ca?* through the voltage-deqs 
dent channel opened by depolarization with K* was 
dent in these data. To determine whether this stereos} 
cific effect of these 1,4-dihydropyridines on contraction 
related to their binding to calcium channel, the effec 
these compounds were studied on sarcolemmal m 
branes isolated from pig coronary artery. 
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FIGURE 3. Correlation of 5'-nucleotidase activity and specific [3H](++)PN200-110 binding in subcellular membranes isolated = = 
from pig coronary artery. The calculated correlation coefficient (r) was 0.972. The data points are: 1 = postnuclear supernatant; 






: : - . oe the mean of 4 experiments. 


SOs distribution of 5’-nucleotidase activity, a marker for sar- 
- colemmal membrane, was compared with the distribu- 
tion of [3H](+)PN200-110 binding in the isolated mem- 

- brane fractions. The data in Figure 2 show that the distri- 
“bution of 5’-nucleotidase activity follows the distribution 
of PH](+)PN200-110 binding in isolated membrane 
fractions. 5’-Nucleotidase activity and [3H](+)PN200- 
110 binding were both concentrated in the F} membrane 
fraction at the interface between 8.5 and 30% sucrose 
-isolated by sucrose-density gradient centrifugation. 
Although the F3 fraction contained slightly higher 
3H]PN 200-110 binding, there was a close correlation (r 
= 0.972) between 5’-nucleotidase activity and specific 
1](+)PN200-110 binding in isolated membrane 





















[](+)PN200-110 binding site and 5’-nucleotidase ac- 
are localized. Because 5’-nucleotidase activity is a 
fic marker for sarcolemmal membrane of vascular 
th muscle! and it is co-purified with specific 
+)PN200-1 10. binding, it is concluded that the 


th localization of the voltage-dependent slow 
hannel i in the cell membrane. 

no + [5H](+)PN200- 110 binding to 
en branes and the effects of am- 


ons (Fig 3). The F1 fraction was considered en- 
ed with sarcolemmal membranes where the specific 
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binding increased linearly with i increasing concentration . 
of [PH](+)PN200-1 10. The specific binding was linear, . 
with increasing membrane protein concentration at least = 
up to 40 ug/ml assay medium used in the present study. 
The specific binding was saturable with increasing con- 
centrations of [7H](+)PN200-110 (Fig.4). The dissocia- 
tion constant (Kp) determined by Scatchard plot of the 
data was 0.04 nM and the maximal specific binding | 
(Bmax) was 312 fmoles/mg protein (Fig. 5A). The bind-- © 
ing of [3H](+)PN200-110 was inhibited by amlodipine. 
Scatchard analysis of the data indicates that the inhibi- oy 
tion of binding by amlodipine is due to an increase in Kp = 
or decrease in the affinity for [3H](+)PN200-110.— s, 
For example, 70 nM amlodipine increased the Kp of -© 
PH](+)PN200-110 binding by 21-fold, from 0.04 nM- 
to 0.86 nM (Fig. 5B). However, the Bmax remained virtu- — 
ally unaffected (312 vs 283 fmoles / mg protein in the 
presence of amlodipine). The decrease in Kp with almost 
unchanged Bmax indicates that the inhibition. of 
[PH] (+)PN200-110 binding by amlodipine to pig coro- 
nary artery sarcolemmal membranes is due to its compe- 
tition with PN200-110 for the 1 A-dihydropyridine bind: 
ing site in the calcium channel. © 
The inhibition of [PH] (HPN200-1 10 binding t toi is 

lated sarcolemmal membranes was further a d: 
experiments with (+)PN200 
amlodipine. All 3 -compot 
110 binding in a dose 















FIGURE 4. Specific binding of 
[3H](+)PN200-110 to pig coronary ar- 
sarcolemmal 


tery membranes as a 
function of free [3H](+)PN200-110 
concentration. The sarcolemmal 


fmoles/mg protein 


increasing 
[3H](+)PN200-110, and specific bind- 
ing was determined after subtracting 
nonspecific binding in the presence of 
10-7 M unlabeled (+)PN200-110. The 
binding assay was performed in tripli- 
cate. The data were analyzed and plot- 
ted in an Apple Ile computer using 
ALLFIT program.'! 
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FIGURE 5. Scatchard plot of specific [3H](+)PN200-110 binding to pig coronary artery sarcolemmal membranes in the absence 
(A.) or in the presence (B.) of 70 nM amlodipine (AMLO.) for 4 hours at 37°C. The ratio of bound [2H](+)PN200-110 to free 
[3H](+)PN200-110 (B/F) was plotted against the specifically bound [3H](+)PN200-110 in the membrane. The Kp and Bmax were 
determined by LIGAND program.'? Note the decrease in B/F with amlodipine (B) compared with control (A). 


followed by amlodipine (ICsp = 56 nM) and (—)PN200- 
110 (ICs = 90 nM). The calculated inhibition constants 
(K;) of (+)PN200-110, amlodipine and (—)PN200-110 
were 0.05, 4.4 and 6.6 nM, respectively. Interestingly, 
unlike the inhibition of KCl-induced contraction, the 
shape of the inhibition curves for all 3 agents was similar. 
There was no clear evidence of a biphasic inhibition of 
[3H](+)PN200-110 binding by these agents indicating 
that a single binding site may be involved in the interac- 
tion. 


DISCUSSION 

Results of this study indicate that amlodipine is an 
effective vasodilator. It relaxes vascular smooth muscle 
contracted by Ca?* influx through the calcium channel 
opened by depolarization with K*. Like other calcium 
channel blockers it blocks the voltage-dependent calcium 
channel.!? We have previously shown that it is less effec- 
tive on contractions dependent on the receptor (norepi- 
nephrine)-operated calcium channel.!* When compared 
with the pair of enantiomers of PN200-110, amlodipine is 
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FIGURE 6. Inhibition of [7H](+)PN200-110 binding by unlabeled (+)PN200-110, (—)PN200-110 and amlodipine (AML.) in pig 
sarcolemmal membr. Isolated sarcolemmal 


coronary anes. 
[3H]PN200-110 in the absence or 


presence 
pine. The bound [3H](+)PN200-110 in the membranes was determined by filtration as described 


membranes were incubated at 37°C for 4 hours in 0.5 nM 
of different concentrations of unlabeled (+)PN200-110, (—)PN200-110 and amlodi- 


under Methods. Total binding 


in the absence of inhibitors was taken as 100%. Each value is the mean of triplicate determinations. K; values were determined 


by the LIGAND program.!2 


almost equally as potent as (—)PN200-110 but much less 
potent than (+)PN200-110. Amlodipine was previously 
shown to be more potent than nifedipine.!! However, the 
reason for the somewhat shallow cumulative dose-re- 
sponse curve of inhibition of KCl-induced contraction of 
pig coronary artery compared with the steep dose-re- 
sponse curves of (+)PN200-110 and (—)PN200-110 is 
not clear. In a previous study,!8 we have also observed 
somewhat shallower dose-response curves in human coro- 
nary artery as well as in pig coronary artery compared 
with that of rat aorta. 

Several 1,4-dihydropyridines were found to have a 
specific calcium channel blocking effect in cardiac and 
vascular smooth muscle. By virtue of this property, they 
are effective vasodilators. However, most of these agents 
have short duration of action and plasma half-life.8-!9 
Amlodipine has a long duration of action and plasma 
half-life (30 to 40 hours).!2:!3 The long duration of action 
may be due to its slow dissociation from the binding 
site. To determine the interaction of amlodipine with the 
1,4-dihydropyridine site, its effects on binding of 
[3H](+)PN200-110 to sarcolemmal membranes isolated 
from pig coronary artery were studied. The data indicate 
that [7H](+)PN200-110 binds to isolated sarcolemmal 
membranes stereospecifically and with high affinity. Am- 
lodipine competes for the 1,4-dihydropyridine binding 
site with high affinity. Although there was a 10-fold 
difference in ICs and K;, the relative potency and rank- 
order of inhibition of KCl-induced contraction was al- 
most identical with the relative affinity of the 1,4- 
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dihydropyridine binding site in isolated sarcolemmal 
membranes for (+)PN200-110, (—)PN200-110 and am- 
lodipine. The disparity between the concentrations re- 
quired for inhibition of contraction of tissue and the con- 
centrations for inhibition of binding in isolated mem- 
branes may be due to high nonspecific binding of the 
compounds in the tissue or due to differences in the con- 
formation of the Ca?+ channel in contracted cells and in 
membranes isolated from this tissue. However, at pres- 
ent, other actions of amlodipine in this tissue cannot be 
ruled out. 

In summary, the results of the study show that 
amlodipine, (+)PN200-110 and (—)PN200-110, inhibit 
contraction of pig coronary artery segments mediated by 
depolarization and presumably opening of the slow 
Ca?t channel with KCl. Amlodipine, (+)PN200-110 
and (—)PN200-110, also inhibit specific binding of 
[7H](+)PN200-110 presumably to slow Ca2+ channel in 
isolated sarcolemmal membranes. The order of relative 
potency of inhibition of contraction was identical to the 
order of relative affinity for binding to isolated mem- 
branes. It is therefore concluded that the relaxing effect 
of amlodipine on pig coronary artery is probably due to its 
binding to the 1,4-dihydropyridine binding site in the 
voltage-dependent calcium channel. 
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PANEL DISCUSSION 


Dr. Sever (London, England): I was very interested in 
your observations on the spontaneously hypertensive rats 
(SHR) and the Wistar Kyoto (WKY) rats. Do you know 
of any studies on resistance vessels from these 2 strains, to 





see whether the differences you have shown in the aorta 
are also paralleled by differences in the resistance circula- 
tion? 

Dr. Matlib (Cincinnati, Ohio): We have not studied 
resistance vessels. I am not aware of any other in vitro 
studies on resistance vessels with amlodipine. 

Dr. Sever: Have you any data from a nongenetic hy- 
pertensive model? 

Dr. Matlib: We did some studies. Aortic rings of SHR 
are more responsive to KCI-induced contraction than that 
of WKY, and amlodipine is more potent in inhibiting 
contractions of SHR rings. If we contract aortic rings of 
SHR and WKY to the same extent with 2 different KCl 
concentrations, we do not see any significant difference in 
dose-response curves. This indicates that more depolar- 
ized conditions may be the reason for amlodipine being 
more potent in SHR. 

Dr. Vanhoutte (Rochester, Minnesota): In view of 
what Mr. Burges talked about and what you have said, at 
what temperature did you do your binding studies in 
vascular smooth muscle? 

Dr. Matlib: The PN200-110 binding was carried out 
at 37°C. Diltiazem binding was carried out at 25°. 

Dr. Vanhoutte: My comment relates to the difference 
in efficacy of the compound between SHR and normo- 
tensive animals. I was thinking back to the endothelium. 
We find with diltiazem that the kind of depression of the 
response of vascular smooth muscle which you can have 
with calcium blockers and endothelial-dependent relax- 
ing factor is not additive; that is, they seem to affect the 
same mechanism. I would suggest that the greater effica- 
cy of the drug in the hypertensive animals may reflect the 
well established endothelium dysfunction of those ani- 
mals. This makes it very interesting, thinking about a 
drug that would act more when the endothelium doesn’t 
function properly and which may explain some of the 
differences that you saw. 

Dr. Matlib: In the experiment that I have shown you 
on blood vessel segments, the endothelium was removed, 
but we have not yet carried out the experiment in pres- 
ence of the endothelium. 

Dr. Paoletti (Milan, Italy): Have you done any study 
with the arterial wall from hypercholesterolemic animals 
where the acetylcholine effect is greatly reduced, but can 
be restored by, let’s say, isradipine? 

Dr. Matlib: We have not done this experiment. 
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inhibition by Amlodipine of Activity Evoked in 
isolated Human Coronary Arteries by Endothelin, 
Prostaglandin F2, and Depolarization 
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Charles Chalant, MD, and Pierre Jaumin, MD 


Amlodipine, a dihydropyridine calcium antagonist 


has been examined on the rhythmic activity of iso- 
lated human coronary arteries. Amlodipine inhibit- 
ed both the spontaneous rhythmic activity and the 
rhythmic activity evoked by prostaglandin F2, and 
endothelin in isolated human coronary arteries. It 
also inhibited the contraction evoked by potassium 
depolarization. 

The action of amlodipine was characterized by 
slow onset and voltage dependency. 

(Am J Cardiol 1989;64:58 I-64 I) 
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solated human coronary arteries obtained from ex- 

planted hearts frequently display spontaneous rhyth- 

mic contractions. Such activity was not found in 
arteries from hearts obtained from young patients who 
had died from noncardiovascular diseases and was often 
associated with the presence of atheromatous plaques 
within the vessel.!-3 The demonstration that Prinzmetal’s 
variant angina results from spasm of large coronary 
arteries has opened the question of a possible role for 
coronary vasospasm in the pathogenesis of classic angina. 
Reports from Maseri* and from Oliva and Breckenridge 
indicate the existence of a vasospastic component in angi- 
na at rest in patients with coronary artery disease. In 
addition, increased spasmogenic activity of coronary 
arteries may occur at the onset of cardiac infarction. 

In vitro studies of human coronary arteries may be 
useful in order to identify the potential usefulness of a 
drug for the treatment of spastic states of those vessels. 
Such studies have already enabled us to characterize the 
properties of 2 dihydropyridines, nifedipine and nisoldi- 
pine.®” It seemed therefore of interest to examine the 
action of amlodipine, a slow-acting dihydropyridine on 
the rhythmic contractions of human coronary arteries.’ 
In this report, we discuss our observations on the action of 
amlodipine on spontaneous and evoked rhythmic contrac- 
tions of isolated human coronary arteries. The results 
show that amlodipine reduced those activities in a dose- 
dependent manner. 


METHODS 

Coronary arteries: Coronary arteries were dissected 
from 7 explanted hearts, 6 of which showed a large degree 
of atheroma and 1 was less affected. Portions (about 2 
cm) of the anterior descending branch of the left coronary 
artery and circumflex coronary artery were removed and 
cleaned of all loosely adherent tissue. The segments iso- 
lated were divided into 2 groups, 1 proximal in which 
atherosclerotic lesions were obvious, the other distal in 
which such lesions were not macroscopically apparent. 
The mean diameter of proximal segments was equal to 
2.8 + 0.10 mm (n = 10) and of the distal segments to 1.6 
+ 0.04 mm (n = 24). After dissection, the preparations 
that were not used immediately were kept for 2 days in 
ice-cold physiologic solution. Such a treatment did not 
affect either contraction in response to various agonists 


or, when present, endothelium-dependent relaxation to 
histamine. Sixteen rings were prepared from each heart. 

Rings of artery (about 2-mm wide) were suspended in 
50-ml organ baths in physiologic solution (composition 
millimolar: NaCl, 112; KCl, 5; NaHCO3, 25; KH2PO;, 
0.1; MgSO, 0.12; CaCl», 1.25; and glucose, 11.5) main- 
tained at 37°C and gassed with a mixture of 95% O% and 
5% CO; under a resting tension of 2 g. The presence of 
functional endothelium in these preparations was demon- 
strated by their relaxant response to histamine.”? 

Contractile responses were measured using an isomet- 
ric transducer coupled to a potentiometric pen recorder. 
Experiments began after an equilibration period of 60 
minutes during which the tissues were frequently washed. 
Arteries were then contracted maximally in a K-depolar- 
izing medium (composition millimolar: NaCl, 17; KCl, 
100; NaHCO, 25; KH»POx,, 0.1; MgSOx, 0.12; CaCl, 
1.25; and glucose, 11.5), washed in a nondepolarizing 
physiologic salt solution, equilibrated for 60 minutes and 
again contracted in the depolarizing medium. Amlodi- 
pine was added to the physiologic salt solution. After an 
incubation period of 90 minutes, the preparations were 
submitted to stimulation by the depolarizing K solution 
containing the same amount of amlodipine. 

Myocardial tissues: Ventricular muscle: Six seg- 
ments of papillary muscle were dissected from the right 
ventricle from 2 explanted hearts. Two other segments 
were obtained from tissue resected during cardiac sur- 
gery. They were excised along with explanted valves and 
in the septum from patients at the time of valve replace- 
ment. 

Atrial muscles: Two preparations were obtained from 
1 patient during cardiac surgery. They consisted of a 
portion of the tip of the right atrial appendage removed 
before heart cannulation preceding extracorporeal circu- 
lation. 

The muscles were suspended in 25-ml organ baths 
containing a physiologic solution (see nondepolarizing 
solution mentioned previously), stretched to an optimal 
length at which maximal systolic contraction was record- 
ed (at a resting tension of about 1 g) and bubbled with a 
mixture of 95% O, and 5% CO, at 30°C. Experiments 
were performed at this temperature because at 37°C 
ectopic beats were apparent and systolic tension was di- 
minished. 

The myocardial muscles were stimulated at 1 Hz 
through field electrodes with rectangular pulses of 10-ms 
duration at twice diastolic threshold voltage. Their viabil- 
ity was assessed as previously reported.’ Amlodipine was 
added cumulatively after an initial equilibration period of 
120 to 180 minutes. The duration between each increase 
in concentration was 60 minutes to reach the maximal 
effect. 

Statistics: Results were expressed as percentage of 
induced relaxation of the initial contraction (arteries) or 
as a percentage of the initial systolic tension (myocardi- 
um) and were compared with the level of contraction 
maintained in control tissues from the same heart (not 
_ exposed to amlodipine), after the same time has elapsed 
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from the start of the experiment. The concentration of 
amlodipine producing 50% of the maximal relaxation of 
the contractile response in the arteries (ICs0) was esti- 
mated from concentration effect curves. Data are ex- 
pressed as mean + standard error of the mean. 

Drugs: Amlodipine maleate (Pfizer) was dissolved in 
water as a stock solution of 10 mM and diluted before use 
in warm physiologic solution. Endothelin-1 (Lot n° 
017127, Peninsula Laboratory, St. Helens, England) was 
prepared as a stock (10 uM) solution in water, which was 
stored frozen. Other drugs used included prostaglandin 
Fa (PGF2,), histamine hydrochloride and acetylcholine 
(Sigma, St. Louis, Missouri) which were dissolved in 
distilled water. 


RESULTS 

Endothelium-dependent relaxation of arteries: The 
depolarizing K-rich solution evoked a sustained contrac- 
tion in segments taken from proximal and distal arteries. 
Acetylcholine 1076 M and histamine 3 X 1077 M were 
added during the tonic contraction. Acetylcholine pro- 
voked an additional contraction in all the 62 segments 
tested. Histamine evoked an additional increase in tone in 
32 of 36 proximal segments (showing atheromatous 
plaques) and a relaxation of 13 + 3.1% of potassium 
chloride (KCI) contraction in 4. Five of 26 distal seg- 
ments (apparently healthy) have responded to histamine 
by an increase in tone; no change in contraction was 
noticed in 6 and a relaxation of 62 + 7.3% of KCI contrac- 
tion was observed in 15. This relaxation was abolished by 
methylene blue 3 X 1076 M, an indication that it was 
related to endothelial-dependent relaxing factor (EDRF) 
release. 

Action of amlodipine on K-depolarization-evoked 
contraction: After the test for histamine response, prepa- 
rations were incubated in concentrations of amlodipine 
varying from 107° to 1077 M for 90 minutes. Then, they 
were stimulated by K-rich solution containing a similar 
amount of amlodipine and the ensuing contractile re- 
sponse observed for 200 minutes. Amlodipine did not 
alter the initial increase in contractile force but evoked a 
progressive loss of tonic tension. The rate of onset and the 
magnitude of the reduction in tone were related to the 
concentration of amlodipine and to the origin of the ves- 
sel. As Figure 1 illustrates, the rate of reduction in tone 
occurred faster in distal segments (which relaxed to hista- 
mine) than in proximal segments (which did not show 
relaxation to histamine). However the maximal effect 
was not much different between the 2 groups. Therefore, 
all treated segments (n = 30) were used for the calcula- 
tion of the concentration of amlodipine producing 50% 
relaxation of the K*+-produced response which was found 
to be equal to 1.4 + 0.14 X 1078 M. 

Action of amlodipine on the spontaneous rhythmic 
contractions: Proximal segments of coronary arteries in 
which an obvious spontaneous activity was observed were 
exposed to amlodipine 3 X 1078 M and 1077 M. Before 
the addition of amlodipine, the frequency of the contrac- 
tions was about 10/hour and the force developed was 1.4 
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FIGURE 1. Time-course of the contractile response to K-depolarization of proximal and distal human 
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preparations were incubated for 90 minutes with amlodipine (Amlo) at concentrations ranging between 10-1 and 10-7 M. Re- 
sponses are expressed in percent of the control contraction evoked before the addition of amlodipine. Responses in the presence 
of amlodipine, 1 nM, were not different from controls. For each concentration, 3 segments were used. Standard error of the 
mean is indicated when it exceeded the size of the symbol. Ordinate, response in percent of control; abscissa, time in K-depolar- 
izing solution. Note difference in time scale between proximal and distal arteries. 





AMLO 10-7M 





FIGURE 2. Isolated human coronary artery. Typical record of the spontaneous rhythmic activity before and after the addition of 


amlodipine (AMLO), 10-7 M, in the organ chamber. 


+ 0.26 g (n = 10). Addition of amlodipine did not mark- 
edly change the rate of contraction, but after a latent 
period there was a progressive decline in the force of the 
contractions preceding the cessation of the rhythmic ac- 
tivity. Thereafter, in most segments examined, a progres- 
sive decrease of the artery tone was observed (Fig. 2). No 
statistical significant differences were found between am- 
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lodipine 3 X 1078 and 10-7 M which blocked the sponta- 
neous activity after 60 + 17 minutes (n = 5) and 38 + 14 
minutes (n = 5), respectively. 

Action of amlodipine on the rhythmic activity evoked 
by prostaglandin F2,: As already reported by Godfraind 
et al,!° PGF>,, evoked an increase in tone and a rhythmic 
activity in epicardial coronary arteries. When arteries 
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FIGURE 3. Recording of the typical response of 2 preparations of human coronary artery to prostaglandin F2, (PGF2,), 3 X 10 
M, and of the progressive blockade of this response by amlodipine, 10-77 M. a, control preparation treated with PGF 2, at the 
time indicated by the arrow and observed for 15 hours; b, preparation stimulated by PGF2, at the time indicated by the arrow 
(amlodipine was added at time 0). Note the difference in time-scale between a and b. Dotted line indicates the basal tone. 


were exposed to PGF, 3 X 1076 M, contractions of 7 + 
0.8 g (n = 9), equal to 117% of the KCl-evoked contrac- 
tion, occurred at a frequency of about 9/hour for periods 
longer than 12 hours’ duration. There was a slight decline 
in the amplitude of the phasic contractions during a pro- 
longed observation period; it was accompanied by a time- 
dependent increase in the prostaglandin-evoked tone 
(Fig. 3 and 4, Table I). The action of amlodipine 1078 M, 
3 X 10-8 M and 1077 M was examined in 3, 1 and 4 
segments, respectively, 4 other segments being kept as 
controls. Amlodipine inhibited the time-dependent in- 
crease in PGF>,-evoked tone and it accelerated the pro- 
gressive decline of the contractile force (Fig. 3 and 4 and 
Table I). The contractile rhythmic activity was blocked 
after 453 + 84 minutes (n = 3) with amlodipine, 1078 M, 
and after 147 + 46 minutes (n = 5) with amlodipine, 
10-7 M; these differences were statistically significant 
(0.05 > p > 0.01). The agonist-dependent tone was still 
present when the phasic contractions had disappeared 
(Fig. 3). 

Action of amlodipine on endothelin-1 action in coro- 
nary arteries: The action of endothelin-1 (ET-1) has 
been examined in proximal segments by cumulative in- 
Y crease of the concentration of the peptide in the organ 
chamber. ET-1 evoked a contraction of isolated human 

coronary arteries, the threshold concentration of 3 X 


10-!° M evoked a long-lasting increase in tone. The mag- 
nitude of the tone was related to the concentration of 
endothelin. Furthermore, we observed the appearance of 
a superimposed rhythmic activity that increased by in- 
creasing ET-1 concentration in 22 of 28 control segments 
(Fig. 5). This rhythmic activity was evoked when endoth- 
elin concentration had reached 10~? M in 1 segment, 3 X 
10-9 M in 12, 10-8 M in 8 and 1077 M in 1. Figure 4 
illustrates that pretreatment with amlodipine 1077 M 
applied during 4 hours in depolarizing conditions blocked 
the endothelin-evoked rhythmic activity and attenuated 
the increase in muscle tone, an observation confirmed in 3 
other preparations (Table II). 

Action of amlodipine in isolated cardiac tissue: Fig- 
ure 6 illustrates the time course of action of amlodipine 
1077 M in isolated human cardiac tissue. Systolic con- 
traction of the amlodipine-treated papillary muscle was 
more depressed than contraction of control untreated 
muscle. When the data were normalized for the decline in 
contractile force of the control untreated preparation, we 
found that amlodipine 10-77 M depressed contractile 
force by 17% and required more than 180 minutes to 
reach steady-state effect. Similar findings were obtained 
in 2 other papillary muscles (compared with 2 controls): 1 
control-matched isolated atria and 1 control-matched iso- 
lated interventricular septum (data not shown). 
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FIGURE 4. Response of human coronary arteries to prosta- 
glandin F2, (PGF2,) and action of amlodipine. a, controls (n = 
4); b, preparation stimulated at time —2 hours by PGF2, and 
treated at time 0 by amlodipine, 10-8 M; c, preparation stimu- 
lated at time —2 hours by PGF2, and treated at time O by am- 
lodipine 10-7 M. Ordinate scale, contraction in percent of the 
contraction evoked by KCi-depolarization; closed bar, phasic 
contraction; open bar, tonic contraction; abscissa scale, time 
in hours before (—x) and after (+x) the addition of amlodipine. 


DISCUSSION 

Observations reported in this study confirm in human 
tissues the observations made in animal preparations by 
Burges et alë and show that amlodipine is a slow-acting 
dihydropyridine with a voltage-sensitive inhibitory effect. 
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TABLE I Action of Amlodipine on the Increase in Tone 
Evoked by Prostaglandin F2,, (PGF)2. (3 X 108 M) in Isolated 
Human Coronary Artery* 


Time Before 
(—x) and 
After (+x) 
Amlodipine 
(hours) 


Tone Evoked by PGF2, 


Time After 
PGF, 
(hours) 


Amlodipine 
10-78 M 
(n = 3) 


Amlodipine 
Controls 
(n= 4) 


43+ 7.8 
61413 


30 + 4.2 
28+48 29+ 5.9 
75.5418 29.9447 296447 
82+19 29.8+4 — 
89.5 + 17.3 — -—- 
* The tone evoked by PGF2,, was defined as the tension from which rhythmic 
contractions occurred (see Fig. 3). It was expressed in percent of the contractile 


tension evoked by KCI depolarization. It is reported when the rhythmic activity is 
present (see also Fig. 3). 


2946 


The action of amlodipine on the contractile response 
evoked by K-depolarization appeared to be more depen- 
dent on the duration of the depolarization than of the 
preincubation in physiologic solution. During the first 
minutes of depolarization, the contraction was the same 
before and after amlodipine treatment and a prolonged 
depolarization was required before observing the inhibi- 
tion and for the inhibition to reach a steady state. Such an 
observation has already been reported for the action of 
other dihydropyridines in isolated vessels. It has been 
shown to be related to an increased affinity of the dihy- 
dropyridine receptors as a result of inactivation of calci- 
um channels induced by prolonged depolarization.!!+!2 

We observed that the time course to steady state oc- 
curred faster in distal than in proximal coronary arteries. 
Those distal arteries showed a relaxant response to hista- 
mine, indicating that EDRF release could contribute to 
increase the rate of relaxation compared with proximal 
arteries where histamine elicited a contraction, probably 
because EDRF could not be released or alternatively less 
efficient because of the degree of atherosclerosis. It has 
been reported that arteries isolated from animals treated 
with high cholesterol diet have lost their ability to relax 
when they are precontracted and then exposed to acetyl- 
choline.!>!4 This could also be due to a higher sensitivity 
of the small distal arteries to amlodipine, since it has been 
reported with other calcium antagonists that the contrac- 
tion of small resistant vessels may be more sensitive to 
calcium entry blocker than the contraction of larger 
arteries (see Godfraind et al!>). Further experiments are 
needed to clarify these problems. We therefore have esti- 
mated a ICso value of amlodipine that could have been 
biased by other factors, but that was close to the value 
reported by Matlib et al.!° When compared with another 
dihydropyridine so far examined quantitatively in human 
coronary arteries, it appears that amlodipine is 10 times 
less potent than nifedipine. In a comparative study in rat 
aorta, amlodipine appeared slightly more potent than 
nifedipine. This difference in activity ratio between hu- 
man and animal preparations is a further demonstration 
of tissue specificity of dihydropyridine-type calcium an- 
tagonists. Some factors related to this specificity have 
been previously discussed.!’ 
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IGURE 5. Recording of the contractile response of isolated human coronary artery to cumulative increase of endothelin-1 con- 


entration in the organ chamber. Upper panel, control segment; lower panel, segment pretreated 
uring 4 hours in KCI depolarization solution. Then the perfusion fluid was changed for physiologic solution 


by amlodipine (10-7 M) added 
containing amlodi- 


ine and the preparation was stimulated with ET-1. The molar concentration of endothelin is indicated in log unit. 


When isolated coronary arteries displaying spontane- 
us rhythmic contractions or rhythmic activity evoked by 
GF», and by endothelin-1 were exposed to amlodipine 3 
< 1078 and 10-7 M, we observed a blockade of the 
hythmic activity and a decrease in the intrinsic tone. The 
ime required to observe this effect was related to amlodi- 
ine concentration. Those rhythmic contractions may be 
elated to rhythmic opening of membrane calcium chan- 
els sensitive to dihydropyridines; this interpretation is in 
greement with the report of the calcium dependency of 
hose rhythmic contractions.'* The faster occurrence of 
lockade action of amlodipine in spontaneously active 
rteries could be due to different degrees of activation. 

ET-1 is a potent vasoconstrictive peptide produced by 
ndothelial cells of blood vessels.!? We have shown that it 
lid not only evoke a vascular contraction resistant to 
alcium entry blockers, but that it also modulated the. 
rating of calcium channels.” This was illustrated by an 
ncreased responsiveness of isolated rat aorta to the calci- 
im channel agonist BAY K 8644 and to the a-adreno- 
veptor partial agonist clonidine. In the presence of low 
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TABLE Il Action of Amlodipine on the Increase in Tone 
Evoked by Endothelin-1 in Isolated Human Coronary Artery.* 


Amlodipine 
Endothelin Controls 
(M) (n= 4) 


11.2 +0.34 


0.05 > p > 0.01 


23.24 FA i 18.3 +2.14 


NS 


* The tone was defined as in Table | for PGF2, and was expressed in percent of the 
contractile tension evoked by KCI depolarization. Arteries were pretreated with amlo- 
dipine during 4 hours in K-depolarizing solution, reimmersed in physiologic solution 
and stimulated by endothelin-1 which was added cumulatively. 

NS = not significant. 


concentration of endothelin, the contractile response was 
potentiated. This was related to an increased influx of 
calcium through voltage-operated calcium channels. 
The rhythmic activity evoked by endothelin in human 
coronary arteries (22 of 28) appeared to be sensitive to 


blockade by amlodipine and may likely be related to © 
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FIGURE 6. Human papillary muscle, kinetic of inhibition by amlodipine. Contractions of human papillary muscles obtained from 
an explanted heart observed in an organ chamber and treated or not treated with amlodipine, 10-7 M. Note that the contractility 
of the untreated-control preparation declined with the duration of the observation. As discussed in the text, the decline was more 
pronounced in amlodipine-treated tissue. When normalized for control, decline of treated preparations was as follows: after 60 
minutes, 95%; after 120 minutes, 95%; after 180 minutes, 88%; after 240 minutes, 83%; and after 300 minutes, 83%. 


activation of voltage-dependent calcium channels. It has 
been shown that endothelin may be released in hypoxic 
conditions.!? There is no argument to claim its initiating 
role in coronary spasm. It is, however, obvious that it 
might contribute to this pathology, since as shown in this 
study human coronary arteries appeared to be highly 
sensitive to this peptide. 

Our data on isolated human heart preparations are 
limited, but they are consistent with observations in guin- 
ea-pig hearts showing a slow onset of the negative inotro- 
pic effect of amlodipine.’ Amlodipine 10-7 M depressed 
the contractility of the cardiac preparations so far exam- 
ined by about 20%. The negative inotropic effect is less 
important in human than in guinea-pig hearts, as already 
observed with other dihydropyridines.!’ 

In conclusion, our data indicate that amlodipine is a 
slow-acting, voltage-dependent dihydropyridine active in 
the human cardiovascular system. 


Acknowledgment: We thank Greet Leonardy for her 
technical assistance. 
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Amlodipine Pretreatment and the Ischemic Heart 


Winifred G. Nayler, DSc 





Amlodipine is a long-acting dihydropyridine-based 
Ca2*+ channel blocker, developed for use on a once- 
daily basis. Experiments using hearts from amlodi- 
pine-pretreated rats were undertaken to further 
test the hypothesis that Ca2* channel blockers can 
be used as prophylactic therapy to reduce the se- 
verity of the mechanical and biochemical conse- 
quences of ischemia and reperfusion. Amlodipine 
was given intravenously, 0.25 mg/kg, 5 hours be- 
fore excising the hearts. Ischemia (global) was in- 
duced at 37°C for 10, 30 or 60 minutes, and was 
followed by reperfusion. Protection was quantitated 
in terms of functional recovery, adenosine triphos- 
phate and creatine phosphate retention, tissue aci- 
dosis and Ca** gain. 

The results show that amlodipine pretreatment 
supplied protection, provided that the ischemic epi- 
sode did not exceed 30 minutes. The protection re- 
sulted in improved recovery of peak developed ten- 
sion on reperfusion, reduced Ca?+ gain, retention of 
tissue adenosine triphosphate and creatine phos- 
phate, and reduced acidosis. 

(Am J Cardiol 1989;64:65 I-70 I) 
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chloro-phenyl)-3-ethoxy-carbonyl-5-methoxycar- 

bonyl-6-methyl-1,4-dihydropyridine) is one of 
the newly developed, vasoselective, long-acting dihydro- 
pyridine-based calcium channel blockers.' Previously, 
this drug was used chronically? to attenuate the increase 
in blood pressure normally exhibited by spontaneously 
hypertensive rats (SHRs), and to prevent hypertension- 
induced cardiac hypertrophy. These initial, preliminary 
studies also indicated that amlodipine could be used pro- 
phylactically to improve functional recovery after short, 
but not long, periods of ischemia.* Because the ability of 
the calcium channel blockers to attenuate Ca?* gain and 
improve functional recovery during postischemic reperfu- 
sion is dependent on their administration before the isch- 
emic episode** long-acting calcium channel blockers 
would appear to provide an advantage, relative to the 
shorter acting prototypes. 

The following experiments were undertaken to inves- 
tigate further the ability of amlodipine to protect the 
myocardium against the deleterious effects of ischemia 
and subsequent reperfusion. Ischemia extended for up to 
60 minutes, and protection was quantitated in terms of 
functional recovery on reperfusion, recovery of the endog- 
enous stores of adenosine triphosphate (ATP) and cre- 
atine phosphate (CP), attenuation of Ca?* gain on reper- 
fusion, and reduction in proton accumulation. 

The results confirm and extend our initial results? 
which show that amlodipine, when used prophylactically, 
has a protective effect on the reperfused ischemic myo- 
cardium. 


A mlodipine (2-[(2-aminoethoxy)methyl]-4-(3- 


METHODS 

Animal model: To establish whether pretreatment 
with amlodipine protected the myocardium against the 
deleterious effects of ischemia and postischemic reperfu- 
sion, hearts excised from adult, male Sprague-Dawley 
rats were perfused in the Langendorff mode as previously 
described.> The perfusion buffer was a modified Krebs- 
Henseleit (KH) solution containing (in mM): NaCl, 
118.0; NaHCO;3, 25.0; KCl, 4.6; NaH2POx,, 0.9; 
Mg SOx, 1.2; CaClo, 1.3 and glucose, 11.0. It was gassed 
with 95% O,- and 5% CO- (pH 7.4) and delivered to the 
aortic cannula at 60 to 80 mm Hg, to provide a flow rate 
of 10 to 12 ml/min. 

Amlodipine administration: Amlodipine, dissolved in 
polypropylene glycol, was injected intravenously into the 
tail vein at a concentration of 0.25 mg/kg, 5 hours before 
excising the hearts. Placebo-treated rats were given an 
equivalent injection of amlodipine-free polypropylene 
glycol. 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 
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FIGURE 1. Effect of pretreatment with amlodipine (0.25 mg/ 
kg, intravenously (i.v.), 5 hours before the rats were killed) on 
recovery of peak-developed tension in isolated spontaneously 
beating rat hearts reperfused after 10, 30 or 60 minutes of 
global ischemia at 37°C. Each bar is mean + standard error 
of the mean of 6 experiments. Tests of significance relate to 
the significance of the protection provided by amlodipine. Con- 
trol refers to hearts from placebo-treated rats. N.S. = not sig- 
nificant. 


Measurement of mechanical function: Peak devel- 
oped tension was monitored by means of a Narco F-60 
myograph attached to the left ventricular apex. The out- 
put from the myograph was displayed on a Narco Biosys- 
tems Physiograph MKIV recorder (Narco Biosystems, 
Houston, Texas). At the start of each experiment, resting 
tension was adjusted until the developed tension was 
steady. Peak developed tension is the difference between 
peak systolic and resting tension. 

Perfusion sequence: When required, the rats were 
anesthetized with a diethylether/O 2 mixture. The heart 
was quickly removed and immersed in ice-cold KH solu- 
tion. Once contraction had ceased, visible fat and connec- 
tive tissue was removed and perfusion was started. Each 
heart was perfused with KH buffer at 37°C for 30 min- 
utes, before global ischemia was induced by a total occlu- 
sion of the inflow line, while maintaining the left ventricu- 
lar wall temperature at 37°C, irrespective of flow. Amlo- 
dipine was not added to any of the perfusion buffers. 

Measurement of tissue calcium: At the end of the 
perfusion sequence, hearts for calcium analysis were 
flushed with 10 ml of an ice-cold Ca?*-free sucrose-histi- 
dine solution as previously described, to minimize the 
contribution of extracellular Ca?+ to the measured calci- 
um. The “washout” solution contained 0.35 M sucrose 
and 5 mM histidine (pH 7.4) and was pretreated with 
Dowex 50W cation exchange resin. The atria were re- 
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moved and the ventricles blotted dry, weighed, dried to 
constant weight at 100°C and digested in HNO3. Ali- 
quots of the HNO; digest were assayed for Ca*t by 
atomic absorption spectrophotometry, at 427 nM. 

Measurement of adenosine triphosphate, creatine 
phosphate and pH; by nuclear magnetic resonance spec- 
troscopy: For nuclear magnetic resonance determination 
of adenosine triphosphate (ATP), creatine phosphate 
(CP) and tissue pH (pHj;), a Brukner AM 300 instrument 
with a 20-mm selective 121.5 M Hz probe was used. A 
1,000 Hz spectral width was used with 8K data points, 
resulting in an acquisition time of 0.41 second. A pulse 
width of 15 u/s (45°) was used with a total delay of 0.9 
second between scans. Two hundred scans were accumu- 
lated to obtain an adequate signal to noise ratio. Spectra 
were transformed with an exponential window function 
which resulted in a line broadening of 30 Hz. Digital 
resolution in the transformed spectrum was 2.44 Hz/ 
point. Spectra were obtained without proton decoupling. 
Chemical shifts were expressed relative to CP. The height 
of the CP and 6 ATP peaks were measured in each 
spectrum. Intracellular pH (pH;) was calculated using 
the chemical shift difference between CP and inorganic 
phosphate. Measurements of the initial 3 spectra of each 
heart were averaged and the successive measurements 
expressed as a percentage of the initial value. 

Statistical analysis: Results are expressed as mean + 
standard error of the mean for the number of experi- 
ments. Unless otherwise stated, n = 6. Tests of signifi- 
cance was either by Student f test or analysis of variance, 
with the Bonferroni correction for multiple analysis.° The 
limit of significance was p = 0.05. 

Reagents: All reagents were from Sigma Chemical 
Co., St. Louis, Missouri, except amlodipine and 3H-amlo- 
dipine, which were gifts from Pfizer, Sandwich, Kent, 
United Kingdom. 


RESULTS 

Effect of amlodipine pretreatment on peak tension 
development and heart rate: In this series of experiments 
pretreatment with amlodipine was used, with no more 
amlodipine being added during the course of the experi- 
ments. This pretreatment did not alter the peak tension- 
generating capacity of the hearts (16 + 4 g for the place- 
bo group and 15.5 + 9 g for the amlodipine-treated 
group). Heart rate was also unchanged: 284 + 14 beats/ 
min for the placebo group and 278 + 22 beats/min for 
the amlodipine-pretreatment group. 

Effect of amlodipine pretreatment on functional re- 
covery after 10, 30 and 60 minutes of global ischemia: 
Hearts that are reperfused with KH buffer after 10, 30 
and 60 minutes of global ischemia recover 60 + 8, 18 + 6 
and 2 + 1% of their preischemic tension-generating ca- 
pacity on reperfusion (Fig. 1). In contrast, hearts ob- 
tained from rats that had been pretreated with amlodi- 
pine (0.25 mg/kg intravenously, 5 hours before being 
killed) recovered 86 + 4 (p <0.01), 38 + 12 (p = 0.05) 
and 2 + 0.5%, respectively, from their initial tension- 
generating capacity after similar periods of ischemia and 





reperfusion (Fig. 1). This difference in recovery in the 
amlodipine-pretreated series after 10 and 30 minutes of 
ischemia could not be accounted for in terms of an effect 
of amlodipine pretreatment on the preischemic tension- 
generating capacity of the hearts (16 + 4 g for the place- 
bo series, 15.5 + 9 g for the amlodipine pretreatment 
group). 

Effect of amlodipine pretreatment on ischemia-in- 
duced loss of adenosine triphosphate and creatine phos- 
phate: Figure 2 shows the results obtained when hearts 
from placebo (control) and amlodipine pretreated rats 
were made ischemic for 30 minutes and then reperfused 
while being analyzed for ATP and CP. Reperfusion was 
with KH buffer. Figure 2 shows that amlodipine pretreat- 
ment slowed the ischemia-induced loss of ATP and CP 
and that this beneficial effect persisted during reperfu- 
sion. 

Effect of amlodipine pretreatment on ischemia-in- 
duced acidosis: Analysis of the nuclear magnetic reso- 
nance spectra for proton shifts confirmed that both the 
placebo and amlodipine-pretreated hearts accumulated 
protons during a 30-minute ischemic episode. However, 
the rate of proton accumulation (Fig. 3) was slowed (p 
<0.01) in the amlodipine-pretreatment group. 

Effect of amlodipine pretreatment on reperfusion- 
induced gain in calcium: Figures 4 and 5 show that nei- 
ther the placebo-treated (control) nor the amlodipine- 
pretreated hearts gained Ca’+ during either 30 or 60 
minutes ischemia. Reperfusion after either 30 (Fig. 4) or 
60 (Fig. 5) minutes of ischemia resulted in a time-depen- 
dent gain in Ca?+, with the gain being exacerbated on 
reperfusion after the longer (60 minutes) period of isch- 
emia. In both instances, however, amlodipine pretreat- 
ment attenuated the reperfusion-induced Ca’* gain (Fig. 
4 and 5), while having no effect on the tissue Ca?* content 
of aerobically perfused hearts. 


- 6) 


FIGURE 3. Effect of amlodipine pretreat- 
ment (as in Figure 1) on the rate of proton 
accumulation during 30 minutes of global 
ischemia at 37°C. Each point refers to 
mean + standard error of the mean (SEM) 
of 6 separate experiments. Control refers 
to hearts from placebo-treated rats. 
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FIGURE 2. Effect of amlodipine (as in Fig. 1) on 
depletion of tissue adenosine triphosphate (ATP) and creatine 
phosphate (CP) during 30 minutes of ischemia and their re- 
covery on reperfusion. Perfusion buffer was Krebs-Henseleit 
buffer. Ischemia was global at 37°C. Control refers to hearts 
from placebo-treated rats. Each point is mean + standard er- 
ror of the mean (SEM) of 6 separate experiments. 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 
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Tissue retention of amlodipine five hours after pre- 
treatment: In some preliminary experiments undertaken 
to determine whether the protective effect of amlodipine 
treatment described here involves tissue retention of am- 
lodipine, 6 rats were injected intravenously with 3H-la- 
beled amlodipine (specific activity 84.6 Ci/mmol). Injec- 
tions were through the tail vein. Five hours later, hearts 
were removed from 4 of these rats, homogenized, and the 
homogenate assayed for radioactivity, using an LKB 
Gamma Multiwell counter. Radioactivity was detected, 
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FIGURE 5. Effect of amlodipine (see legend to 


pretreatment 
Figure 1) on changes in tissue calcium caused by 60 minutes 
of aerobic perfusion, 60 minutes of ischemia, and 5 and 15 
minutes of reperfusion after 60 minutes of ischemia (global) at 
37°C. Each bar is mean + standard error of the mean (SEM) 
of 6 separate experiments. Tests of significance relate to the 
difference caused by amlodipine pretreatment. 


68 I THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 





Reperfusion 


ee Er ee 


FIGURE 4. Effect of amlodipine pretreat- 
ment on the change in tissue calcium 
caused by 30 minutes of aerobic perfu- 
sion, 30 minutes of ischemia, and 5 and 
15 minutes of reperfusion after 30 min- 


described in legend to Figure 1. SEM = 
standard error of the mean. 


but whether this is due to the retention of 3H-amlodipine 
or a metabolite remains to be determined. 

Hearts from the remaining 2 3H-amlodipine-treated 
rats were excised and perfused as previously described. 
The perfusate was retained and assayed for 3H-radioac- 
tivity. None was found, indicating that the 3H-amlodi- 
pine or its metabolite, which is retained by the heart, is 
not readily diffusible. Presumably it is either bound or 
stored in a lipid environment, possibly within the plasma- 
lemma. 


DISCUSSION 

These results show that pretreatment with the long- 
acting, vasoselective calcium channel blocker amlodipine 
attenuates the deleterious effects of normothermic isch- 
emia and reperfusion on isolated rat hearts, provided that 
the ischemic period does not exceed 30 minutes. Evidence 
of this protection included improved recovery of mechani- 


cal function, attenuated Ca2* gain, enhanced recovery of +% 


ATP and CP reserves and slowed ischemia-induced aci- 
dosis. The basis of this protective effect of amlodipine is 
probably multifactorial. At the outset, however, several 
possibilities can be excluded. First (Fig. 2), there was no 
difference in the total tissue ATP and CP content of the 
hearts from placebo-treated and amlodipine-treated rats, 
so that although ATP and CP levels remained elevated in 
the amlodipine-treated hearts relative to the placebo 
group this was not because of high ATP- and CP-starting 
values. Similarly, the attenuating effect of amlodipine 
pretreatment on the ischemia-induced accumulation of 
protons, or the reperfusion-induced gain in Ca2+ cannot 
be attributed to different starting values for either intra- 
cellular pH or tissue Ca?t. 

The present results confirm and expand our earlier 
preliminary findings? relative to the protective effect of 
amlodipine pretreatment. The fact that protection per- 
sisted in the isolated hearts argues against the possibility 
of the protection being due only to the amlodipine-in- 









diac work load, hich would be 
ntact circulation. Instead, some direct ef- 
the m yocardium and its vasculature must be in- 
“ossibly, attenuation of the loss of adenine precur- 






teřnatively, if the residual radioactivity retained in 
amlodipine pretreatment group reflects stored 
odipine rather than a metabolite, the amlodipine 
could be having a direct effect on the plasmalemma, thus 
reducing its fragility. Because neither heart rate nor peak 
developed tension was altered by the amlodipine pretreat- 
ment, a direct effect on cardiac work can be excluded. 
— -Our results do not allow any conclusion to be drawn as 
‘to whether the amlodipine pretreatment-induced reduc- 
tion in reperfusion-induced Ca?* overload is due to a 
direct effect of amlodipine on the route of Ca?* entry, or 
a secondary consequence of the relative preservation of 
the “gnerpy rich phosphates. Possibly, both factors are 
‘involved. The current results also do not allow any conclu- 
sion to be reached as to whether the amlodipine-induced 
reduction in reperfusion-induced Ca2* gain is responsible 
for the improved recovery of mechanical function. The 
alternative possibility is that the attenuated Ca?* gain is a 
secondary consequence of myocardial preservation. Ad- 
ditional experiments will be required to resolve these pos- 
sibilities. 

<. The fact that amlodipine pretreatment attenuates the 
ischemia-induced acidification of the myocardium is of 
: potential i importance. Steenbergen et alë recently stressed 
the importance of retaining tissue osmolarity so as to 
_prevent membrane disruption due to osmotic shock. The 
ability of amlodipine pretreatment to slow proton accu- 
mulation raises the possibility that some of its protective 
effect might be explicable in terms of improved mainte- 
‘nance of tissue osmolarity, but the mechanisms that are 
involved remain to be established. 

_ Recent clinical trials with other Ca*+ channel 
blockers have emphasized the need for their prophylactic 
use to prevent reinfarction in patients with ischemic heart 
disease.9:!° The results reported in this paper, together 
with those described in our preliminary communication,’ 
indicate that amlodipine may be a suitably long-acting 
+ channel blocker for this purpose, provided that re- 
obtained from the animal studies can be translated 
aaa situation. 
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PANEL DISCUSSION 


Dr. Glossmann (Innsbruck, Austria): We now kno 
that the 1,4-dihydropyridines have at least 3 or 4 co 
pletely different, but possibly structurally related rece 
tor domains. One is on the a; subunit of the channel, tł 
second one is on the nucleotide carrier as shown in 1! 
by our group, the third one is on the MDR glycoprot 
and the fourth one we have just purified from mitocho: 
dria. I wonder if the people from Mr. Burges or 
colleagues have done studies to find the receptor pro 
within the 1 ,4-dihydropyridine receptor family for 1 
compound? It is more a question related to the ot 
effects which may not be directly on vascular smoo 
muscle. 

Dr. Nayler (Victoria, Australia): We have a 
mitochondria from these hearts, and they are functionally 
well preserved. Now that doesn’t tell us that the drug is 
acting by a direct effect on the mitochondria. It is a 
indirect protective effect, I would think. : 

Dr. Vanhoutte (Rochester, Minnesota): Just a com- 
ment about one of your slides where you looked at e 
dothelin: I think that one has to look at those drugs as 
very important site of action, prevention of endothelium 
dependent contraction. At this stage, I object to making : 
endothelin the mediator of that. = 

Dr. Nayler: I quite agree with you; as you know: wo 
both agree on this point. We don’t usually agree, but this 
time we do. One of the things we have forgotten about in 
the ischemic heart is that with the onset of severe isch- ` 
emic damage, potent vasoconstrictors are released. I can 
imagine why we have forgotten about this but the n 
at large has not. 

Dr. Gross (Milwaukee, Wisconsin): How do you as- 
sess the functional recovery in your experiments? = ` 

Dr. Nayler: We do it 2 ways. We initially did it with a 
string from the end of the ventricle to a transducer, but 
now we do it by intraventricular balloon pressure record- 
ings. 

Dr. Gross: So, you use the heart rate—pressure prod: 
uct-—that kind of thing. 

Dr. Van Breemen (Miami, Florida): My question is- 
related to Dr. Kass’s observation of very slow recovery of 
the block by amlodipine when it is charged. Are you sur 
that when you measure Teo you still m have 


ae 







/e will have to do that We will have 
ery with the amount of drug that is 


























Dr. Nayler: We have not done that. 
Dr. Paoletti: That would be closer to what you would 
expect in a patient. 
~ Dr. Nayler: Although a lot of those experiments were 
th the intravenous doses, we have also, as I showed 
earlier, done it with the oral administration of 10 mg/kg/ 
day for up to 3 months. We are getting very very nice 
protection. 
_. Dr. Paoletti: No tachyphylaxis? 

> Dr. Nayler: We don’t know yet, but the hearts were 

very well protected. 

Dr. Godfraind (Brussels, Belgium): You are using 
spontaneously beating hearts. So, have you any informa- 
tion on the activity of those hearts during ischemia when 

they were treated or not treated by amlodipine? 
~ Dr. Nayler: My impression is that the incidence of 
-+< arrhythmias is reduced and that the rate of decline of 
tension is accelerated, but we have not quantitated 
— <. enough to give you hard data. 
<> Dr. Godfraind: It might be that the activity is reduced 
“during ischemia. So that is probably the reason for pro- 
-tection of ATP. 
- Dr. Nayler: It could be, and that could account for the 
ATP preservation. 


















-drops to 6.8 within 3 minutes of ischemia and down to 6 


question. My question 
you see in the ischemic episod 
outside the cell? a ee 

Dr. Nayler: The intravascular pHi in an pdin are 


within 10 minutes of ischemia. That’s been done both f a 
the human and for the animal model. I mean it’s 
important. I think for amlodipine this is the key. thi 

Dr. Kass: That’s the reason I asked the. -questio 
When you look at the single cell, in the experiments 
showed, the kinetics slowed down with a pH 7.4. If y 
to a more acidic solution, if you go to pH 6 or so, you ge 
no recovery. It’s just locked. 2 

Dr. Nayler: You use single cells, but there is som 
advantage in using whole tissue. 

Dr. Matlib (Cincinnati, Ohio): I would like to respon 
to Dr. Glossmann’s previous question on binding to mito- 


chondria. We found no direct effect of amlodipine on. 


oxidative phosphorylation or calcium transport proc 





of mitochondria in vitro. So any beneficial effect on mito- ‘ n 


chondria is probably indirect. 


Dr. Nayler: Yes, there still can be an indirect protec- í i : 


tive effect. 
Dr. Mattlib: Exactly. 


Dr. Glossmann: | asked about the interaction with 5 
these receptors. In order to find out what these receptors — 
do, you have to ask the right question. It’s a different i 


story. 
Dr. Matlib: Was there any effect of aislodipie on 
contractility of the hearts? 


Dr. Nayler: We were pretreating our animals. There is 
no difference in the peak developed tension between the 
control and the amlodipine-pretreated animal that we 


could detect. 















Dr. Marshall (New York, New York): This protective 
action——could it be from an inhibition of protease activi- 
ty? Could it be something other than just energy depen- Ae 


dent? 


sequelae to control intracellular calcium. Again for a 
different reason, we are looking at protease inhibitors. 
The drug itself has no direct effect on proteases. . 
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Dr. Nayler: Many proteases are calcium activated. : a 
Yes it could, but I would cast that as an indirect route ora — 
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The , effects of amlodipine (300 ug/kg administered 
_intravenously), a new, long-acting, dihydropyridine 

Jass, calcium channel blocking drug, were studied 

in atrially paced (120 beats/min), autonomically 

blocked dogs. Hemodynamic and electrophysiologic 

jarameters were measured before and up to 3 
ours after amlodipine. Coronary blood flow was 

-significantly increased 10 and 30 minutes after 

. drug administration, whereas cardiac output and 

< mean arterial pressure were unaffected. Coronary 
` vascular resistance was decreased but total sys- 
temic vascular resistance did not change. Atrioven- 

- tricular (AV) nodal conduction was slightly pro- 

< longed, as reflected by increases in atrial-His bun- 
-dle and AV conduction times and PR interval, 30 

< minutes after administration. All parameters re- 

turned toward their control values within 3 hours 

__after drug administration. Comparison of coronary 

_ vascular resistance and AV conduction changes 

__ with those previously reported for other calcium 

_ channel blocking drugs where autonomic blockade 

_ existed suggests that at equivalent levels of coro- 

-nary vasodilation, amlodipine’s effects more closely 

:- resemble the effects of diltiazem or verapamil than 

other dihydropyridines. 
3 (Am J Cardiol 1989;64:71 I-77 1) 
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alcium channel blocking drugs inhibit sa 
mal calcium influx through voltage-sensitiv 
um-selective, membrane channels.'-? T] 
represented by 3 structurally distinct prototypic 
pounds: nifedipine, diltiazem and verapamil. Card 
cular effects of calcium channel blockers include 
creased vascular resistance and negative cardiac. 
tropy, chronotropy and dromotropy.+5 These eff 
make calcium channel blockers clinically useful in the 
treatment of angina, supraventricular arrhythmias. 
hypertension; however, the relative ability of the prot 
typic drugs to modify myocardial and vascular functio 
varies.® For instance, verapamil, because of its action on 
atrioventricular (AV) conduction, is useful in the treat: 
ment of supraventricular tachycardia, whereas nifedi 
and several related dihydropyridines cause vasodilation 
with little effect on AV conduction or other myocardia 
electrophysiologic variables at clinically effective doses. 
Diltiazem appears to have a blend of these actions, occu- 
pying an intermediate position between verapamil and 
nifedipine.* Thus, clinically, dihydropyridines generally. 
have been demonstrated to decrease coronary resistance = — 
without significantly affecting cardiac electrophystolagi¢: Eo 
parameters. Sae 
Amlodipine, a new dihydropyridine derivative; haso i 
been reported to have a slow onset of action and a plasma = 
half-life of >30 hours in dogs’ and humans.*? Asapoten- = ooo 
tial antihypertensive and antianginal agent, amlodipine = = 
may therefore offer several advantages over nifedipine = 
and similar dihydropyridines with plasma half-lives of- 
only a few hours. Amlodipine, administered once per day, 
because of its purported slow onset of action, might no 
associated with the reflex tachycardia often experien 
with nifedipine.’ If amlodipine i is to be useful as an a 
hypertensive agent, it is important. to determine il 
amlodipine-induced decrease in blood pressure occur 
dependently of potentially adverse electrophysiologic ef 
fects. a 
In this study we used autonomically blocked dogs t 
assess amlodipine’s direct effects on myocardial conduc 
tion times, coronary resistance and systemic and coronar’ 
hemodynamics without modulation by neural reflexes 
Specifically, we wished to determine whether amlodipine 
produced significant vasodilation without significa 
slowing of AV conduction, similar to other dihydrop y 
dines. !0-!2 































METHODS | 
_ Studies in autor } 


























. dogs placed on a positive pressure respira- 
tor. ‘Amlodipine was prepared by dissolving it in warm 
(45°C) sterile saline and was administered as an intrave- 
 (i.v.) bolus into a femoral vein. A control injection of 

ine solution, or 1 of 3 doses of amlodipine (100, 
00 and 1,000 ug/kg) were administered in random or- 
parate days to each dog. Arterial blood pressure, 
i from a calibrated electromanometer attached to 
lled catheter, was measured, while heart rate and 
interval were derived from a lead II electrocardio- 
-am before and 1, 10, 60, 90, 120 and 180 minutes after 
jection to determine the dose-dependent effects of the 
rug. In these 4, and in 6 additional, pentobarbital-anes- 
\etized dogs (23.0 + 0.3 kg, n = 10), myocardial blood 
ow and vascular resistance were assessed before and 
ter receiving amlodipine (100 or 300 wg/kg). The 
hod of Rudolph and Heymann! requiring left atrial 
unnulation through a left thoracotomy for injection of 
\dioactive microspheres and collection of an arterial ref- 
rence sample was used. The dose of amlodipine (300 ug/ 
kg) used in the main study was selected from these studies 
jn autonomically intact animals. This dose produced a 
significant hemodynamic effect of duration sufficient to 

-< -conduct the electrophysiologic protocol in dogs with auto- 

. nomic blockade. 

` Studies in autonomically blocked dogs: Dogs (23.8 + 

0.4 kg, n = 9) were anesthetized and intubated for respi- 

_ratory support as previously described. A midline sternot- 

“omy was performed and the heart suspended in a pericar- 

dial cradle. Rectal temperatures of 37°C and arterial 

blood gas and pH samples were monitored and main- 

: tained constant (pO, = 105.5 + 19.6 torr, pCO, = 34.2 + 

=o 43 torr, pH = 7.35 + 0.04). The sinus node was crushed 

< and the heart was paced at a constant rate of 120 beats/ 

_ min using isolated rectangular constant current pulses 
_.. delivered through a bipolar pacing electrode embedded in 
= ‘the right atrial appendage. A lead H electrocardiogram 

< was recorded simultaneously with bipolar electrograms 
recorded at the base of the right atrium, the region of the 
common His bundle and the apex of the right ventricle. 
Aortic and right atrial pressures were measured with a 
calibrated electromanometer using fluid-filled catheters 
inserted through the femoral artery and vein. Coronary 
flow was measured using an electromagnetic flow probe 
~ placed around the left anterior descending artery approx- 
imately 2 cm from its origin. Cardiac output was mea- 
_ sured in triplicate by thermodilution using a 7Fr Swan- 
= Ganz catheter inserted into the pulmonary artery 
‘through the jugular vein. From these measurements, 
‘mean coronary and systemic vascular resistances could be 

calculated: | 
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pressure, Qc = 
ac output. Sympathetic > and parasyir 
fluences were minimized by bilateral vagotomy follo 
by i.v. administration of the 6-adrenergic antagonist pr 
pranolol (0.5 mg/kg) and the a-adrenergic antagoni 
phenoxybenzamine (0.5 mg/kg). Completeness of vagot- 
omy and adrenergic blockade was tested by determining _ 
that there was no change in mean arterial pressure after 
administration of isoproterenol (0.1 ug/kg) or pheny 
ephrine (10 ng/kg). Studies were begun within 5 minute 
after determination of complete blockade. = 
The atrial refractory period was measured by appl 
ing progressively more premature stimuli after trains of 
basic stimuli separated by 500 ms. Each train was sepa- 
rated by a 2-second pause and the interval between the 
last basic stimulus and the premature stimulus was de- 
creased by 50 to 10 ms until the premature impulse failed ne 
to evoke atrial depolarization. es 
Measurements in these dogs were obtained before and ae 
10, 30, 60 and 180 minutes after administration of amlo- ae 
dipine (300 ug/kg). a 
Statistics: Data were analyzed by performing aniye 
sis of variance followed by multiple 2-tailed paired t tests 
comparing results to baseline values when a significant F ~ 
value was present. Comparisons between amlodipine vs . 
control groups were obtained by unpaired ¢ tests. The null 
hypothesis was rejected when p <0.05. 


RESULTS 
Studies in autonomically intact dogs: Studies in auto- 
nomically intact dogs indicated that amlodipine (300 ug/. 
kg) produced a slight but significant decrease in mean 
arterial pressure (MAP), (—9 + 3 mm Hg, baseline 
MAP = 152 + 10 mm Hg) 30 minutes after drug injec- 
tion (Fig. 1). In these dogs, the decrease in blood pressure «— 
was associated with an increase in heart rate (39 £ 5 
beats/min, baseline = 135 + 12 beats/min). The increase 
in heart rate was evident 10 minutes after i.v. administra- 
tion of amlodipine and lasted for the duration of the 3-._ 
hour observation period (Fig. 1). The PR interval de- .. 
creased with increasing doses of amlodipine (96 + 3 ms, — 
91 + 3 ms, 85 + 3 ms for 100, 300 and 1,000 ug/kg). The © 
decrease was significant at 1,000 wg/kg and may have ~ 
resulted from accelerated AV nodal conduction due toan 
increase in reflex sympathetic tone consistent with the 
increase in heart rate. : 
Transmural myocardial blood flow increased ‘id : 
sistance decreased signifi cantly from baseline for up. 
hour in dogs receiving 300 ng/kg of amlodipine (Tabl 
No significant changes occurred in either flow or 
tance after a lower dose of amlodipine (100 vg/| k 
given. 
a hemodynamics: Coronary flow incre: 
nificantly while coronary res sista: 
cantly 10 and 30 minutes af 
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FIGURE 1. A, heart rate (hatched) and mean arterial blood pressure (cross-hatched) responses to amlodipine (100, 300 and 
1,000 g/kg) in autonomically intact dogs (n = 4). Blood pressure and heart rate were measured 30 minutes after intravenous 
bolus administration of amlodipine. Results are expressed as percent change from baseline (predrug) value (mean + standard er- 
ror of the mean); * = p <0.05 vs baseline. B, heart rate (triangles) and mean arterial blood pressure (circles) responses before 
and after intravenous bolus administration of amlodipine (300 g/kg) in autonomically intact dogs (n = 4). Results are expressed 
as percent change from baseline (predrug, time 0) value. (mean + standard error of the mean); * = p <0.05 vs baseline. 


TABLE I Left Ventricular Myocardial Blood Flow and Vascular Resistance After Intravenous Administration of Amlodipine in 


Anesthetized Dogs with Autonomic Reflexes Intact 


Dose 

(ug /kg) 0 
Flow 100 156 + 24 
(ml /min/100 g) 300 14346 
Resistance 100 0.78+0.12 
(mm Hg/ml/min/100 g) 300 0.70 + 0.02 





Time (min) 
10 60 180 
170+ 20 160+ 18 158 + 19 
221 + 34 232 + 64* 187 + 28 
0.68 + 0.10 0.69 + 0.12 0.87 +0.15 
0.50 + 0.62* 0.43 + 0.05* 0.59 + 0.07 


* = p <0.05 vs control (time 0) value. All values are mean + standard error of the mean (n = 5). 


change in cardiac output at any time after administration 
of amlodipine. 

The dose of amlodipine given in the autonomically 
blocked study produced few systemic hemodynamic ef- 
fects. Despite results showing significant effects of this 
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dose of amlodipine (300 uwg/kg) in autonomically intact 
dogs, no significant decrease in MAP (74 + 3 mm Hg 
before vs 69 + 3 mm Hg 30 minutes after administration) 
occurred in autonomically blocked dogs (Fig. 2). There 
were also no significant changes in right atrial pres- 
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sure or total peripheral resistance after injection of amlo- 
dipine in the autonomically blocked preparation. Thus, a 
selective coronary dilatation appears to have been pro- 
duced. 

Electrophysiology: Changes in several electrophysio- 
logic parameters indicated that amlodipine had a slight 
but significant effect on intracardiac conduction path- 
ways when autonomic influences were absent. An in- 
crease in AV conduction time was noted 30 minutes after 
injection of amlodipine (Fig. 3, Table II), which returned 
toward control 60 and 180 minutes after drug adminis- 
tration. The electrocardiographic correlate of AV con- 
duction time, the PR interval, also increased from the 
mean control value 10 and 30 minutes after injection 
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FIGURE 2. Effect of amlodipine (300 yg/ 
kg) in autonomically blocked dogs. Coro- 
nary flow (CF, ml/min), coronary resis- 
tance (CR, mm Hg-min/ml), cardiac output 
(CO, liters/min), total peripheral resistance 
(PR, mm Hg-min/liter), mean arterial pres- 
sure (AP, mm Hg), and mean right atrial 
pressure (RAP, mm Hg) were measured 
row indicates the time of amlodipine injec- 
tion. Each point represents the mean of 6 
to 9 observations. Results are presented 
as mean + standard error of the mean; * 
= p <0.05 vs baseline. 
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before significantly decreasing from control values at 180 
minutes (Table IT). Examination of atrial-His (A-H) and 
His-ventricular conduction times indicated that the early 
small increase in AV interval was due solely to an in- 
crease in A-H conduction time, which was increased by 
11.7 4.4, 13.9 + 3.4 and 3.5 + 3.1 ms from baseline 
values at 10, 30 and 60 minutes, respectively, after ad- 
ministration of amlodipine. The increase reached statisti- 
cal significance at 30 minutes. His-ventricular conduc- 
tion times at these same time points were unchanged 
(Table II). Intraventricular and intraatrial conduction 
time (based on depolarization time between the 2 ventric- 
ular or 2 atrial electrodes) and atrial refractory period 
were not affected by amlodipine (Table II). 


AMLODIPINE (0.3mg/Kg) 


A-H=64msec 
Baseline P-R=77msec 


A-H=68msec 
60 minutes P-R=82msec 


A-H=73msec 
13 minutes P-R=86msec 


A-H=64msec 
180 minutes P-R=77msec 





FIGURE 3. Effect of intravenous bolus administration of amlodipine (300 yg/kg) on cardiac electrical conduction in 1 autonomi- 
cally blocked dog. Tracings were taken before and 13, 30, 60 and 180 minutes after drug administration. Top trace in each 


panel shows a lead Il electrocardiogram. The second trace is a bipolar 


recorded from the right atrium. The 


electrocardiogram 
third trace shows a bipolar His bundle electrogram recorded from the region of the proximal His bundle. Bottom trace is a bipo- 
lar electrogram recorded from the right ventricular apex. One hundred milliseconds is indicated at the upper right of each trac- 


ing. 


TABLE Il Temporal Changes in Electrophysiologic Variables Produced by Amlodipine (300 ng/kg) in Anesthetized Dogs with 
Bilateral Vagotomy and Pharmacologic Alpha- and Beta-Adrenergic Blockade 


104.8 + 5.3 (8) 
128.4 + 17.3 (8) 
44.0 + 4.7 (7) 

79.4 + 19.2 (4) 
H-V interval 58.8 + 13.0 (4) 
V-V interval 28.3 + 5.4 (7) 
Atrial ERP 148.1 + 5.3 (7) 


110.0 + 7.1 (8) 
138.7 + 21.4 (7) 
44.0 + 5.1 (6) 
94.2 + 31.1 (3) 
51.8 + 18.1 (3) 
28.4 + 6.1 (6) 

152.0 + 6.1 (5) 


PR interval 
AV interval 
A-A interval 
A-H interval 


* = p <0.05 vs control value (mean + standard error of the mean [n]). 
All values (time in ms) are mean + standard error of the mean. Numbers in parentheses are numbers of dogs. 
CTRL = control value; ERP = effective refractory period. 


DISCUSSION 
It is well known that conduction through the AV node 
is dependent on conduction of slow calcium-dependent 
action potentials.!°!4 Calcium selective channels are also 
important to the spontaneous depolarization of the sino- 
atrial node in the regulation of cardiac contractility and 


Time (min) 


60 


106.1 + 8.1 (7) 92.5 + 4.5* (7) 
133.6 + 21.6 (7) 105.8 + 14.8 (6) 
42.4 + 5.2 (6) 40.5 + 5.0 (5) 

86.0 + 28.6 (3) — 
50.0 + 17.5 (3) — 
29.2 + 5.4 (6) 24.0 + 5.5 (5) 


144.0 + 7.9 (6) 144.3 + 8.5 (6) 


110.9 + 7.8 (8) 

142.2 + 19.2 (8) 
40.4 + 4.5 (7) 
93.2 + 22.5* (4) 
55.1 + 13.2 (4) 
28.3 + 4.6 (7) 

153.0 + 9.8 (7) 





in maintenance of vasomotor tone.!° Whereas organic 
calcium channel blockers can potentially interfere with 
these calcium-dependent processes, variable responses 
have been observed in the intact cardiovascular system. !5 
The most obvious physiologic difference between the di- 
hydropyridines and other classes of calcium channel 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


blockers (e.g., benzothiazipines) is their preferential ef- 
fect on hemodynamic rather than electrophysiologic vari- 
ables. Specifically, dihydropyridines have a much greater 
specificity for decreasing coronary and peripheral resis- 
tance than for increasing AV conduction time. Satoh et 
al'® found that an i.v. dose of nimodipine (3 ug/kg) de- 
creased MAP by about 30% but had no significant effect 
on AV conduction time until the dose was tripled. In 
contrast, other classes of calcium channel blockers, exem- 
plified by verapamil and diltiazem, have roughly equal 
effects of increasing AV conduction time and decreasing 
coronary resistance. The distinctive properties of dihy- 
dropyridines, verapamil and diltiazem have been exploit- 
ed clinically. Verapamil and diltiazem are used to treat 
supraventricular tachycardia and angina, respectively.!’ 
Dihydropyridines are effectively used to treat angina and 
hypertension.!’ In addition, because most dihydropyri- 
dines do not produce significant cardiodepression at clini- 
cal doses, they may be safely used in conjunction with 8 
blockers.!” 

In general, dihydropyridines have a fairly short dura- 
tion of action. For instance, the half-life of nifedipine is 
approximately 3 hours, requiring 3-times-per-day dos- 
ing.!8 Amlodipine is a new dihydropyridine derivative 
which has a plasma half-life of 30 hours.’ This long half- 
life would allow once-per-day dosing. The effects of amlo- 
dipine on electrophysiologic variables and the relation 
between hemodynamic and electrophysiologic changes 
had not been reported previously in vivo. 

We found that amlodipine could produce small and 
significant, but transient, electrophysiologic changes 
without concomitant blood pressure reduction. These ef- 
fects occurred in an experimental setting in which auto- 
nomic modulating reflexes were inoperative. In fact, in 
autonomically intact dogs, we observed a decrease in PR 
interval after administration of high doses of amlodipine. 
These were associated with an increased heart rate indi- 
cating that autonomic reflexes may mask amlodipine’s 
direct negative dromotropic effects. 

Hemodynamic effects of amlodipine: Previously, we 
have compared the concentration-dependent effects of 
nisoldipine, a dihydropyridine, with those produced by 
verapamil and diltiazem using the same experimental 
protocol employed here.* In autonomically blocked dogs, 
amlodipine (300 yug/kg) reduced coronary resistance 
27%. The coronary vasodilatory effects of amlodipine 
have also been observed in isolated perfused hearts.!? 
Diltiazem (100 wg/kg) and verapamil (30 ug/kg) were 
able to produce a similar decrease in coronary resistance, 
whereas a smaller dose of nisoldipine (3 ug/kg) was need- 
ed to produce a similar decrease. Therefore, the amlodi- 
pine dose response (i.e., potency) for changes in coronary 
resistance more closely resembles verapamil and diltia- 
zem than nisoldipine. 

The duration of the hemodynamic effects of amlodi- 
pine was shorter than expected, based on its previously 
reported plasma half-life of 30 hours after either oral or 
i.v. administration.®’ In this study using autonomically 
intact dogs, i.v. amlodipine produced significant de- 
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creases in blood pressure and increases in heart rate with- 
in 10 minutes. Other investigators using oral dosing have 
noted a slower onset and longer duration of action of 
amlodipine than was observed in this study.?°-22 Our re- 
sults are consistent, however, with the findings of other 
studies in which i.v. amlodipine was administered.??3 
Burges et al? gave i.v. amlodipine to dogs and saw a 
relatively rapid onset of action (5 to 30 minutes), affect- 
ing heart rate and blood pressure as seen in the present 
study. Frais et al?* administered amlodipine as an i.v. 
bolus in humans and observed a significant change in 
heart rate and blood pressure within 15 minutes. Not only 
was the onset of action relatively rapid, but also the dura- 
tion of action in the autonomically blocked animals was 
shorter than expected. Amlodipine given to autonomical- 
ly intact animals produced changes in heart rate and 
blood pressure lasting more than 3 hours, whereas the 
autonomically blocked dogs showed peak responses at 10 
to 60 minutes which had almost disappeared by 3 hours 
(Fig. 2). This suggests that an intact autonomic nervous 
system is important in prolonging amlodipine’s effects. 

It is not clear why amlodipine (300 ug/kg) was able to 
produce a significant decrease in MAP in the autonomi- 
cally intact but not the autonomically blocked dogs. One 
notable difference between the 2 studies was the MAP 
before amlodipine administration. The difference in base- 
line blood pressure between groups or perhaps autonomic 
blockade, per se, may have affected the response to amlo- 
dipine. The fact that a significant decrease in blood pres- 
sure was found in the dogs with higher MAP supports the 
findings of Burges et al.*? and of Dodd and Machin?” in 
which amlodipine did not affect blood pressure in normo- 
tensive animals but was highly effective in hypertensive 
dogs. The increase in myocardial blood flow and the 
decrease in calculated vascular resistance seen after am- 
lodipine (300 ug/kg) are consistent with effects of other 
calcium channel blockers, but these effects were of briefer 
duration in autonomically blocked animals than in intact 
dogs. 

Effect of amlodipine on intracardiac conduction: In 
autonomically blocked dogs, amlodipine increased AV 
conduction time without affecting either intraatrial or 
intraventricular conduction times, indicative of a primary 
site of action within the AV node. The significant increase 
in A-H interval at 30 minutes supports this contention. In 
addition, the increases in PR interval and AV interval at 
10, 30 and 60 minutes are directionally consistent and 
support the belief that amlodipine has a small, direct, 
transient depressant effect on AV nodal conduction at 
300 ug/kg. 

These effects of amlodipine on intracardiac conduc- 
tion at 300 wg/kg are unusual for a dihydropyridine at a 
dose that does not produce significant hypotension.!!+!2 
We also observed a shortening in PR interval 3 hours 
after amlodipine was given. The specific cause for this 
change is unknown. 

In the present study, amlodipine (300 ug/kg) pro- 
duced a transient 20% increase in A-H interval. In our 
previous study,’ in which the effects of nisoldipine were 


compared with those of verapamil and diltiazem, approx- 
mately 100 ug/kg of either verapamil or diltiazem pro- 
luced a similar 20% increase in A-H interval. A much 
ower dose of nisoldipine (30 ug/kg) was required to 
ncrease A-H interval by 20%. Thus, amlodipine’s dose- 
‘esponse relation (potency) on the A-H interval more 
‘losely resembles that of verapamil and diltiazem than of 
he chemically related dihydropyridine derivative nisoldi- 
ine. 

When an equivalent 20% increase in A-H interval is 
vorrelated with the associated decrease in coronary vas- 
‘ular resistance, it is seen that amlodipine’s effect (27% 
lecrease) is more similar to that produced by verapamil 
25% decrease) and diltiazem (20% decrease) than to 
nother dihydropyridine, nisoldipine, which caused a 60% 
lecrease in coronary resistance. This predominant effect 
mM coronary resistance relative to the effect on AV con- 
luction is characteristic of several other dihydropyridines 
nifedipine, nicardipine, nitrendipine and nimodipine) 
ind appears not to be shared by amlodipine. !®!6.18.24 

Clinical implications: The doses of amlodipine used in 
his study are somewhat greater than those administered 
o human volunteers on a body weight basis.?5 Our results 
ndicate that a demonstrable but transient slowing of AV 
onduction occurs when amlodipine is given in the pres- 
nce of autonomic blockade. The increased AV conduc- 
ion time is likely to result from a direct effect of amlodi- 
ine since autonomic reflex effects had been minimized. 
“his slowing of AV conduction was not noted in dogs with 
ntact autonomic nervous systems. Based on our results, it 
an be stated that caution should be exercised if amlodi- 
line were to be administered intravenously in autonomi- 
ally impaired patients or in conjunction with 6-adrener- 
ic blockade since the direct effects on AV conduction 
lowing may appear. However, studies in conscious dogs 
rhere i.v. amlodipine was administered after 6-adrener- 
ic blockade have failed to reveal any prolongation of the 
'R interval.?¢ 


-ONCLUSION 

Amlodipine is an effective antihypertensive drug in 
nesthetized autonomically intact dogs, capable of pro- 
lucing a sustained reduction in blood pressure. Moderate 
loses of amlodipine (300 wg/kg) in autonomically 
locked dogs where basal blood pressure was low did not 
ignificantly decrease blood pressure but did increase AV 
onduction time briefly, and preferentially produced cor- 
mary vs systemic vasodilation. In general, the effects of 
mlodipine on AV conduction and coronary resistance 
nore closely resemble verapamil and diltiazem than oth- 
r dihydropyridines. 


Acknowledgment: The technical assistance of Vic- 
oria Rapien is greatly appreciated. This work was sup- 
orted in part by Pfizer Central Research Laboratories, 
vandwich, England. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 7, 1989 


REFERENCES 


1. Fleckenstein A. Specific pharmacology of calcium in myocardium, cardiac 
pacemakers, and vascular smooth muscle. Annu Rev Pharmacol Toxicol 1977:17: 
149-166. 

2. Tritthart HA. Pharmacology and electrophysiology of calcium antagonists. 
Clin Invest Med 1980;3:1-7. 

3. Cauvin C, Loutzenhiser R, Van Breemen C. Mechanisms of calcium antago- 
nist-induced vasodilation. Annu Rev Pharmacol Toxicol 1983;23:373-396. 

4. Lathrop DA, Valle-Aguilera JR, Millard RW, Gaum WE, Hannon DW, 
Francis PD, Nakaya H, Schwartz A. Comparative electrophysiological and coro- 
nary hemodynamic effects of diltiazem, nisoldipine, and verapamil on myocardial 
tissue. Am J Cardiol 1982;49:613-620. 

5. Taira N. Differences between dihydropyridine and non-dihydropyridine calci- 
um antagonists in inotropic, chronotropic, dromotropic, and vascular effects: 
differences in underlying mechanism. In: Fleckenstein A, Van Breemen C, Grob 
R, Hoffmeister F, eds. Bayer Symposium IX; Cardiovascular effects of dihydro- 
pyridine-type calcium antagonists and agonists. Heidelberg: Springer-Verlag, 
1985:370-378. 

6. Millard RW, Lathrop DA, Grupp G, Ashraf M, Grupp I, Schwartz A. 
Differential cardiovascular effects of calcium channel blocking agents: potential 
mechanisms. Am J Cardiol 1982;49:499-506. 

7. Arrowsmith JE, Campbell SF, Cross PE, Stubbs JK. Amlodipine: a novel 
dihydropyridine (DHP) calcium antagonist with a long duration of action (abstr). 
The Pharmacologist 1985;27:290. 

8. Beresford AP, Humphrey MJ, and Stopher DA. Amlodipine, a calcium chan- 
nel blocker with pharmacokinetic properties novel to dihydropyridines (abstr). Br 
J Pharmacol 1985,;85:333P. 

9. Faulkner JK, McGibney D, Chasseaud LF, Perry JL, Taylor IW. The pharma- 
cokinetics of amlodipine in healthy volunteers after single intravenous and oral 
doses and after 14 repeated oral doses given once daily. Br J Clin Pharmacol 
1986;22:21-25. 

10. Singh BN. Pharmacological basis for the therapeutic applications of slow- 
channel blocking drugs. Angiology 1982;33:492-515. 

11. Kawai C, Konishi T, Matsuyama E, Okazaki H. Comparative effects of three 
calcium antagonists, diltiazem, verapamil, and nifedipine, on the sinoatrial and 
atrioventricular nodes. Circulation 1981,;63:1035-1042. 

12. Rowland E, Evans T, Krikler D. Effect of nifedipine on atrioventricular 
conduction as compared with verapamil. Br Heart J 1979;42:124-127. 

13. Rudolph AM, Heymann MA. The circulation of the fetus in utero. Methods 
for studying distribution of blood flow, cardiac output, and organ blood flow. Circ 
Res 1967;21:163-184. 

14. Cranefield P. The conduction of the slow response, In: The Conduction of the 
Cardiac Impulse. Mt Kisco, NY; Futura Publishing, 1975:135-139. 

15. Nakaya H, Schwartz A, Millard RW. Reflex chronotropic and inotropic 
effects of calcium channel-blocking agents in conscious dogs. Diltiazem, verapa- 
mil, and nifedipine compared. Circ Res 1983;52:302-304. 

16. Satoh K, Wada Y, Taira N. Comparative study of coronary vasodilator and 
cardiac effects of nitrendipine by use of isolated, blood perfused dog heart prepa- 
rations. Arzneimittelforschung 1986;36:1:35-39. 

17. Winniford MD, Willerson JT, Hillis LD. Calcium antagonists in the treat- 
ment of individuals with ischemic heart disease Angiology 1982;33:522-539. 
18. Henry PD. Comparative pharmacology of calcium antagonists: nifedipine, 
verapamil, and diltiazem. Am J Cardiol 1980;46:1045-1058. 

19. Matlib MA, French JF, Grupp IL, Van Gorp C, Grupp G, Schwartz A. 
Vasodilatory action of amlodipine on rat aorta, pig coronary artery, human 
coronary artery, and on isolated Langendorff rat heart preparations. J Cardiovasc 
Pharmacol 1988;12:suppl 7:S50-S54. 

20. Dodd MG, Machin I. Antihypertensive effects of amlodipine, a novel dihy- 
dropyridine calcium channel blocker (abstr). Br J Pharmacol 1985;85:335P. 
21. Williams DM, Cubeddu LX. Amlodipine pharmacokinetics in healthy volun- 
teers (abstr). Am J Hypertens 1988;1:36A. 

22. Frais MA, Silke B, Verma SP, Sharma SK, Reynolds G, Jackson NC, Taylor 
SH. A haemodynamic dose finding study with a new slow-calcium channel 
blocker (amlodipine) in coronary artery disease. Herz 1986;11:351-358. 

23. Burges RA, Carter AJ, Gardiner DG, Higgins AJ. Amlodipine, a new 
dihydropyridine calcium channel blocker with slow onset and long duration of 
action (abstr). Br J Pharmacol 1985,;85:281P. 

24. Freedman DD, Waters DD. Second generation dihydropyridine calcium 
antagonists. Drugs 1987;34:578-598. 

25. Ram CV, Kaplan NM, Burris JF, Ames RP, Applegate WS, Davidov ME, 
Mroczek W. Antihypertensive effects of amlodipine, a new calcium antagonist: 
comparison with hydrochlorothiazide (abstr). Am J Hypertens 1988;1:36A. 
26. Dodd MG, Gardiner DG, Carter AJ, Sutton MR, Burges RA. The hemody- 
namic properties of amlodipine in anesthetized and conscious dogs: comparison 
with nitrendipine and influence of beta-adrenergic blockade. Cardiovasc Drugs 
Ther 1989;in press. 


77 I 


rp PP) 
a” 1% x 





Amlodipine, a Long-Acting Calcium Antagonist 





Drug Reduces Ischemia-Induced Ventricular 


Conduction Delay in Pig Hearts 


M. Pauliina Rämö, MD, PhD, John S. Plowden, MD, Marjorie Gabel, 
Ronald W. Millard, PhD, and David A. Lathrop, PhD 


The effects of amlodipine, a novel, long-lasting cal- 
cium channel blocking agent, on ischemia-induced 
myocardial conduction delay was studied in anes- 
thetized pigs paced at a constant heart rate. Acute 
coronary occlusion (3 minutes) significantly length- 
ened time to onset, time to peak and duration of bi- 
polar electrograms recorded from both subendocar- 
dial and subepicardial left ventricular sites. After 
intravenous injection of amlodipine (0.3 mg/kg, n = 
6), subsequent periods of ischemia greatly reduced 
(p <0.01) all indexes of subepicardial conduction 
delay. In the subendocardium, amlodipine de- 
creased only time to onset (—25 + 4%, p <0.01) 
within the ischemic zone. Significant delays in all 
indexes were present during repeated ischemic pe- 
riods in the placebo-treated control group (n = 5). 
Amlodipine also increased regional myocardial 
blood flow within the nonischemic myocardium by 
25 + 10% and decreased mean aortic pressure by 
7 + 2% without altering flow in the ischemic re- 
gion. Left atrial pressure remained unchanged. In- 
dexes of ischemia-induced conduction delay were 
more rapidly restored after reperfusion in amlodi- 
pine-pretreated than in control animals. In conclu- 
sion, amlodipine produced a beneficial blood flow— 
independent effect on ischemia-induced injury po- 
tentials. This effect may help to reduce the likeli- 
hood of development of lethal ventricular arrhyth- 
mias in the early stage of myocardial ischemia in 
the clinical setting. 

(Am J Cardiol 1989;64:78 I-83 I) 
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siderable value in the treatment of cardiovascular 

disease.! These drugs are expected to produce 
prominent electrophysiologic effects in cardiac tissues in 
which impulse generation depends primarily on activa- 
tion of calcium channels. For example, diltiazem and 
verapamil have proven effective in slowing atrioventricu- 
lar (AV) nodal electrical conduction? and are therefore 
useful in the treatment of supraventricular tachycardias 
dependent on impulse conduction through the AV node. 
Nifedipine and other related dihydropyridines (e.g., ni- 
trendipine?) produce little effect on cardiac electrical ac- 
tivity in their dose ranges as they are more selective in 
their effect on vascular smooth muscle. 

Calcium channel blocking agents differ also in their 
ability to prevent ischemia-induced ventricular conduc- 
tion delay. Clearly, verapamil,* gallopamil (D-600),> dil- 
tiazem® and nicardipine’ are effective, whereas results 
with nifedipine have been inconsistent.®-!° Because some 
dihydropyridines (e.g., nicardipine and nifedipine) pro- 
duce different effects on conduction delay during isch- 
emia, and because amlodipine is reported to possess some 
properties in common with diltiazem and verapamil,'! we 
hypothesized that amlodipine should also produce benefi- 
cial effects in reducing ischemia-induced conduction de- 
lay and in preventing subsequent development of ventric- 
ular arrhythmias during the early phase of myocardial 
ischemia. The following study was therefore conducted in 
anesthetized, open-chest pigs in which coronary artery 
occlusion was demonstrated to induce reproducible trans- 
mural ischemia,° in order to directly determine the effects 
of amlodipine on ischemia-induced conduction delay. 


METHODS 

Eleven pigs (weighing 13.8 + 0.8 kg) were anesthe- 
tized (morphine, 0.5 mg/kg body weight and a chloral- 
ose, 80 mg/kg administered intravenously [i.v.]), intu- 
bated and artificially ventilated with room air. Alpha 
chloralose was administered as necessary to maintain 
anesthesia. Body temperature was maintained by use of a 
heating pad while the chest was opened via a midline 
sternotomy and the exposed heart was suspended in a 
pericardial cradle. Arterial blood gases and pH were ad- 
justed to be within normal physiologic ranges (pO, 140 
+ 18 torr, pCO, 24.0 + 4.9 torr, pH, 7.40 + 0.05). The 
left anterior descending coronary artery (LAD) was dis- 
sected distal to its second diagonal branch and regional 


(“scent channel blocking agents have been of con- 


















inutes, ‘the cyanotic zone was visualized 
e decapolar transmural plunge electrode 
centrally within the ischemic area. Using 
ipolar electrograms were recorded from 
land subendocardial regions of the myocar- 
nother bipolar electrode was placed within the 
al, nonischemic zone to allow recording of an endo- 
ial electrogram in that area. All electrograms were 
aplified, filtered between 40 and 100 Hz (MECA, Indi- 
_anapolis, Indiana; model EA-8 amplifier), displayed on a 
-storage oscilloscope (Tektronix, Beaverton, Oregon; 
-model 5115) and photographed with a Polaroid® camera 
. (Tektronix; model C59). Time to onset, time to peak, 
ration and amplitude were measured from each elec- 



























te of 120 beats/min (Medtronix, Minneapolis, Minne- 
-sot 1) using a hook electrode placed in the epicardium of 
the right ventricular outflow tract. A standard lead II 
rface electrocardiogram was continuously monitored 
While arterial blood pressure was recorded using a fluid- 
filled catheter (Statham, Hato Rey, Puerto Rico; model 
-P23Db) placed in the right femoral artery. A tygon cath- 
_eter was introduced into the left atrium to allow injection 

of radiolabeled microspheres and recording of. the left 

atrial pressure. Time-referenced blood samples were col- 


lected during microsphere injections from a catheter in- — 


_ serted into the left femoral artery. Regional myocardial 
_ blood flow and its transmural distribution was deter- 
_ mined after injections of approximately 2 million, 15 um, 
_ radiolabeled microspheres (!4!Ce, *!Cr, °°Nb or 1% Ru). 
_Microspheres were injected over a 15-second period and a 
_ reference arterial blood sample was withdrawn uniformly 
-for 3 minutes beginning 15 seconds before microsphere 
-injection (Harvard Instruments, Millis, Massachusetts; 
~- model 942). At the end of each study, the animals were 
killed using an intravenous pentobarbital overdose. 
- Blocks of myocardium containing the electrode recording 
sites were removed and divided into endocardial, mid- 
` myocardial and epicardial layers. Each portion of myo- 
-cardium was weighed and counted using a gamma well 
ectrometer (TM Analytic, Elk Grove Village, Illinois; 
el 1185). Regional myocardial blood flow was calcu- 
d by the reference sample method according to the 
wing equation!?: Om = (Q; -Cm/C) + wt, where Om is 
regional blood flow (ml/min per g tissue), Q, is the 
-rate of withdrawal of the reference blood flow sample 
(ml/min), Cm is the activity of the myocardial tissue 
_ sample (counts), C, is the activity of the reference blood 
-sample (counts) and wt is the weight of the tissue sample 
in. grams. 
= Experimental protocol: After instrumentation, the 
seline myocardial blood flow was determined by inject- 
the first set of the radiolabeled microspheres. Isch- 
a-induced responses in the electrograms were mea- 
at the end of a 3-minute control occlusion of the 
lox flow reduction in the ischemic zone was 
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sphere injection during occlusion. Af- 
s were randomly pre- > used tc to detemine the signifi 
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treated either with amlodipine (0.3 mg/kg i.v.) or placebo 
(saline, 3 ml i.v.). A third set of microspheres was admi 
istered 10 minutes after the amlodipine/placebo in 
tion. Two more 3-minute occlusions were performe 
successive 45-minute intervals beginning 15 minute 
ter the amlodipine or placebo injection. The final mi 
sphere injection was performed during the first Į 
treatment LAD occlusion. The LAD was. occlude i 
manently after the final 45-minute recovery pe 
Systolic and diastolic arterial and mean left atrial | 
sures were monitored continuously. Left atrial pressu 
were read to the nearest 1 mm Hg, whereas syst 
arterial pressures were read to the nearest 5 mm 
Electrographic recordings were taken before each. it 
vention, at the end of each occlusion, and at 5 ame 
minutes after reperfusion and injection of either amlo 
pine or placebo. ae 

Drug preparation: Amlodipine was piepared T: 
perimental day by dilution i in 1 Physiologic saline 
(1.0 mg/ml). 3 

Data analysis: Student’ : test 


A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


TABLE I Effects of Three-Minute Ligations on Left Atrial and 
Mean Aortic Pressures in Control (n = 5) and Pretreated 
Animals (n = 6) 


71.04+5.2 
59.0 + 5.7 
57.0 + 4.4* 
61.0 + 4.9 
64.0 + 6.0 


66.0 + 3.6 
58.0 + 2.7 
65.0+ 5.5 
54.0 + 4.5 
60.0 + 6.4 


8.1405 7.2404 
110405 9340.2 
12.240.5 9.3402 
120410 9140.4 
113414 93404 


Baseline —50 
Ligationl —45 
Ligation2 +15 
Ligation3 +60 
Ligation4 +105 
* = p <0.05 vs baseline. 
All values are mean + standard error of the mean. A = amlodipine pretreated group; 


LAP = left atrial pressure (mm Hg); MAP = mean aortic pressure (mm Hg), P = 
placebo control group. 





tween the 2 groups. Within-group statistical significances 
were determined using the 2-tailed Student ¢ test for 
paired data. Multiple comparisons were tested by analy- 
ses of variance followed by a modified ż test. Results are 
reported as mean + standard error of mean. A value of p 
<0.05 was considered significant. 


RESULTS 

Brief ligation of the LAD induced significant electro- 
graphic changes in the ischemic myocardium (Fig. 1). 
Activation of the electrogram in relation to the onset of 
the QRS complex was delayed (7.3 + 2.7 ms in the 
endocardial layer and 8.7 + 2.1 ms in the epicardial 
layer). Time to peak was increased (14.0 + 5.5 and 22.5 
+ 5.1 ms, respectively), while electrogram duration in- 
creased (37.0 + 16.0 and 50.0 + 19.0 ms, respectively) 
and amplitude decreased (30.0 + 5.4 and 20.0 + 7.1%, 
respectively). No significant changes were observed in 
the electrograms simultaneously recorded from the non- 
ischemic region of the left ventricle. Mean aortic pressure 
decreased approximately 15% and mean left atrial pres- 
sure increased slightly during LAD occlusion (Table I). 
Control occlusion of the LAD (ligation 1) decreased re- 
gional myocardial blood flow within the ischemic zone to 
virtually zero and was accompanied by a slight increase in 
flow within the nonischemic zone (Table II). After the 
first LAD occlusion, immediately on initiation of reperfu- 
sion, ventricular fibrillation developed in 4 of the 11 pigs, 
which was rapidly converted by direct-current counter- 
shock. No significant delays in any of the conduction 


variables were found after 5 minutes of reperfusion when 
compared with the baseline values, and after 10 minutes 
of reperfusion all changes were completely restored. 

Pretreatment with amlodipine reduced all electro- 
graphic changes induced by coronary ligation (Fig. 2). 
After amlodipine injection, coronary occlusion (ligation 
2) did not change time to onset significantly in either the 
endo- or epicardial ventricular layers. A significant delay 
in time to onset in both layers was observed repeatedly in 
the control group during ischemia. In the epicardial layer, 
ischemia failed to induce a significant delay in time to 
peak after amlodipine treatment. Amlodipine attenuated 
the prolongation of the time to peak seen in the endocar- 
dial region during the predrug ligation by 27.0 + 5.2% (p 
<0.01). This prolongation was still significant (p <0.05). 
Time to peak activation was equally and reversibly in- 
creased during repeated coronary occlusions in the con- 
trol group. Amlodipine had no significant effect on the 
duration of the endocardial electrogram during ischemic 
episodes. In the epicardium, however, amlodipine signifi- 
cantly decreased electrogram duration (p <0.01) during 
ligations 2 and 3 compared with changes noted during 
ligation 1, before amlodipine. The electrogram amplitude 
was significantly reduced during the control coronary 
ligation and remained so in the placebo-treated group 
during the second and third ligations, by 19 + 8.1 and 20 
+ 10%, respectively. After amlodipine treatment, electro- 
gram amplitude during ischemia remained similar to the 
control values. 

Amlodipine treatment significantly decreased mean 
aortic pressure during coronary occlusion (Table I). No 
further changes were observed in left atrial pressure. Af- 
ter amlodipine injection, regional myocardial blood flow 
in both measured regions increased significantly com- 
pared with baseline (p <0.05, Table II). This effect did 
not allow an increase in regional blood flow within the 
ischemic zone during LAD occlusion. 

Reperfusion after ligation 2 in the amlodipine group 
restored normal endocardial time-to-peak values more 
than twice as fast (<5 minutes) as that seen in the place- 
bo group (>10 minutes, p <0.05). Time to onset and 
amplitude were completely restored in the epicardial re- 
gion after 10 minutes of reperfusion in the amlodipine- 
treated group, whereas in the control group, time to onset 
was still delayed by 3.0 + 1.7 ms (p <0.05 between the 
groups) and the amplitude differed from baseline by less 


TABLE Il Effects of Amlodipine /Placebo on Myocardial Blood Flow Distribution (ml /min/g) in Ischemic and Nonischemic Zones 
Before and After Three-Minute Ligations 


Nonischemic Zone 


Placebo 


0.80 + 0.12 
1.00 + 0.16 
Placebo /amlodipine 0.87 + 0.13 
Ligation 2 1.06 + 0.20 


* = p <0.05 vs baseline; t = p <0.05 vs placebo. 


Baseline 
Ligation 1 


Amlodipine 


1.02 + 0.05 
1.114012 
1.29 + 0.19*t 
1.07 + 0.08 


Ischemic Zone 


Amlodipine 


0.81 + 0.06 
0.02 + 0.01* 
1.32 + 0.20*t 
0.01 + 0.01* 


Placebo 


0.72 + 0.13 
<0.01 + 0.00* 
0.64 + 0.13 

0.02 + 0.01 * 


All values are mean + standard error of the mean; placebo group (n = 5); amlodipine-treated group (n = 6). 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


than 4%. No significant differences in the extent of recov- 
ery from ischemia-induced conduction delays were ob- 
served between the 2 groups during the subsequent liga- 
tion-reperfusion cycle (ligation 3). In addition, no signifi- 
cant differences in left atrial or mean aortic blood 
pressures occurred between the groups during any reper- 
fusion period. 

Permanent coronary ligation resulted in ventricular 
fibrillation within less than 5 minutes in 2 of 5 control 
pigs, whereas in the amlodipine-treated group 3 of 6 pigs 
developed ventricular fibrillation within 10 to 22 minutes. 
Three animals from both groups did not develop ventricu- 
lar fibrillation and were killed 35 minutes after perma- 
nent coronary occlusion. 


DISCUSSION 

The results of the present study demonstrate that am- 
lodipine effectively reduces the degree of ischemia-in- 
duced conduction delay in the pig heart produced by 
acute coronary artery occlusion without altering blood 
flow within the ischemic area. These effects of amlodi- 
pine closely resemble those produced by diltiazem® and 
verapamil.!? The prototypic dihydropyridine, nifedi- 
pine, does not improve ischemia-induced conduction de- 
lays.81415 This finding suggests that significant differ- 
ences exist not only among structurally distinct calcium 
channel blockers, but also between those of similar struc- 
ture (i.e., dihydropyridines). 

The cellular electrophysiologic alterations produced 
by myocardial ischemia have been well reviewed,!*!8 as 
have the mechanisms believed responsible for delays in 
ventricular conduction after an acute ischemic insult.!® In 
general, reduced myocardial blood flow leads to a reduc- 
tion in myocardial energy stores and acidosis resulting 
in depression of energy-dependent sarcolemmal ion-ex- 
change mechanisms (e.g., Na*+/K*-pumping) and in- 
creased membrane permeability to all ions.!© These 
events lead to intracellular K+ depletion and accumula- 
tion of intracellular Nat and Ca?t. Extracellular Kt 
concentrations have been demonstrated to subsequently 
increase after acute ischemic insults.!? The decreased 
transmembrane K+ gradient results in reduction of the 
K* equilibrium potential and diastolic membrane depo- 
larization.” Consequently, the fast inward Na+ current is 
partially inactivated as reflected by decreases in both 
initial action potential upstroke velocity and amplitude.7! 
These changes lead to slowing of conduction.?2 Increases 
in intracellular free Ca?+t have also been demonstrated to 
produce uncoupling of contiguous myocardial cells re- 
sulting in slowed conduction.” Verapamil, a calcium 
channel blocker, has been demonstrated to decrease myo- 
cardial oxygen demand” and to reduce the degree of 
acidosis developed during ischemia.” 

In the present study, amlodipine reduced afterload, as 
reflected by a decrease in mean aortic blood pressure, 
without producing a change in preload (mean left atrial 
blood pressure) during ischemic episodes. This effect 
most likely decreased myocardial work load as the heart 
was paced at a constant frequency, and may have helped 
to retard the rate of depletion of energy stores. In addi- 
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tion, verapamil”? and other calcium channel blockers’ 
have been demonstrated to reduce the rate of extracellu- 
lar K* accumulation during ischemic insult. Such an 
effect would tend to prevent membrane depolarization 
and the resultant decreases in action potential amplitude 
and rising velocity reflected as a decrease in the rate of 
impulse conduction. Several investigators have shown 
that verapamil’!> and diltiazem®®? reduce the degree 
of conduction delay produced by coronary artery occlu- 
sion. This effect of diltiazem was demonstrated to be 
unrelated to an increase in blood flow to the ischemic 
region during coronary artery occlusion when studies 
were performed in pigs® that lack well-developed collater- 
al branches.*° Nifedipine, however, has been demon- 
strated to produce little, if any, beneficial reduction in 
ischemia-induced conduction delays.3! This finding is 
somewhat surprising if the improvement in conduction by 
calcium channel blockers is primarily due to reduction of 
afterload and decreased myocardial work, because nifedi- 
pine and other dihydropyridines have been demonstrated 
to be more potent vasodilators than either diltiazem or 
verapamil,” 

While this study did not allow us to identify specifical- 
ly the mechanism by which amlodipine reduced the mag- 
nitude of ischemia-induced conduction delays, the benefi- 
cial effect of pretreatment was unequivocal. Similar ef- 
fects have been observed with both verapamil and 
diltiazem. In the present study, amlodipine increased the 
time to onset of ventricular fibrillation. This delay in the 
onset of fibrillation may relate to a normalization of car- 
diac electrical activity and could potentially translate into 
an effect of significance in patients receiving chronic am- 
lodipine therapy. 


Acknowledgment: We wish to thank Gail Odell for 
her technical assistance. 
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Protection of Regional Mechanics and 
Mitochondrial Oxidative Phosphorylation by 
Amlodipine in Transiently Ischemic Myocardium 


Elizabeth D. Dunlap, PhD, Mohammed A. Matlib, PhD, and Ronald W. Millard, PhD 


The effects of amlodipine (0.3 mg/kg administered 
intravenously, n = 5) and placebo (n = 5) on recov- 
ery of myocardial function and respiration of isolat- 
ed mitochondria were examined in “stunned” myo- 
cardium of normotensive pentobarbital-anesthe- 
tized dogs. Measures of myocardial wall motion, 
using sonomicrometers, and tissue blood flow, by 
radioactive microspheres, were obtained at base- 
line, 15 minutes after administration of amlodipine 
or placebo, after 10 minutes of left circumflex ar- 
tery ligation and at 60 minutes of reperfusion. 
Mean aortic pressure decreased from 115 + 6 to 
101 + 5 mm Hg after administration of amlodipine 
and remained decreased throughout the experi- 
ment. Heart rate was not significantly affected at 
any time. Both groups showed similar degrees of 
ischemia: elevation of ST segment to 4.7 + 1.4 vs 
6.2 + 1.9 mV; reduction of ischemic zone shorten- 
ing fraction to 0.6 + 1.9 vs —3.4 + 2.7%; and re- 
duction of epicardial and endocardial blood flows 
(epicardial = 40 + 13 vs 43 + 13 ml/100 g/min; 
endocardial = 7 + 4 vs 13 + 6 ml/100 g/min [val- 
ues for amlodipine vs placebo]). Mitochondrial state 
3 rate of respiration and respiratory control index 
indicative of rate of adenosine triphosphate synthe- 
sis and membrane integrity in myocardial samples 
taken after 10 minutes of ischemia were signifi- 
cantly reduced in the placebo but not in the amlodi- 
pine group. Myocardial function showed signifi- 
cantly greater improvement in amlodipine vs place- 
bo at 60 minutes of reperfusion as indicated by 
shortening fraction (17.7 + —1.4 vs 5.8 + —3.5%, 
amlodipine vs placebo), which may have been relat- 
ed to increased myocardial blood flow and de- 
creased blood pressure during reperfusion. Thus, 
amlodipine pretreatment prevented mitochondrial 
dysfunction during ischemia and accelerated recov- 
ery of both myocardial mechanical function and 
blood flow when compared with placebo. 
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brief (<20 minutes) occlusion of a coronary 

artery is followed by a period of reperfusion.! 
The term “stunned” is used to differentiate the responses 
to reversible myocardial injury from those seen in isch- 
emic or infarcted myocardium produced by longer peri- 
ods of coronary artery occlusion.* Stunned myocardium 
is associated with a fairly well-defined set of physiologic 
changes including decreased contractility2-* and subnor- 
mal adenosine triphosphate (ATP) concentration.56 
These changes are directly related because muscle cannot 
contract normally without adequate ATP. Inadequate 
ATP results from the lack of substrates and oxygen nec- 
essary for mitochondrial ATP synthesis during ischemia. 
This results in a rapid decrease in ATP concentration 
followed by a loss of ATP precursors. Restoration of flow 
does not provide immediate recovery of function, since 
precursors for ATP synthesis must first be restored. This 
process may take several days depending on the duration 
of ischemia.? 

Another abnormality associated with reperfusion af- 
ter ischemia is elevated intracellular Ca2+ concentra- 
tion.” Excess intracellular Ca?+ not only increases the 
rate of breakdown of ATP, but also can be particularly 
damaging to mitochondria and thus further adversely 
affect ATP production and myocardial contractility.® 
However, the excessive influx of Ca?* into the cytosol is 
thought to occur only on reperfusion of irreversibly in- 
jured myocytes and therefore should not be a factor in 
reversibly injured stunned myocardium.° 

Experiments with calcium antagonists have shown 
that when used prophylactically, they are able to prevent 
the prolonged ventricular dysfunction associated with 
ischemia /reperfusion by preventing loss of ATP.7~!! Cal- 
cium channel blockers are thought to exert their protec- 
tive effect by slowing heart rate, reducing peripheral vas- 
cular resistance and decreasing contractility, which re- 
duces the energy (ATP) requirements of the heart.5 They 
have also been demonstrated to prevent the mitochondri- 
al calcium overload that impairs ATP synthesis.® 

Amlodipine is a new dihydropyridine derivative calci- 
um channel blocker that differs from other calcium chan- 
nel blockers by its long plasma half-life (40 hours) and 
large volume of distribution (25 liters/kg).!? The purpose 
of this study was to test the hypothesis that amlodipine 
pretreatment reduces the impact of myocardial ischemia 
produced by acute coronary artery ligation. It was pre- 
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Oy 5% CO;, Aortic pressure was 
measured using a fluid-filled Tygon catheter inserted 
through the femoral artery. The femoral vein was also 
<- cannulated for administration of drugs. The contralateral 
. femoral artery was cannulated for reference blood sample 
-withdrawal during microsphere injections. A left thora- 
-= cotomy was performed at the fifth intercostal space and 
< the heart was exposed and suspended in a pericardial 
- cradle. Another fluid-filled tygon catheter was inserted 
-into the left atrium and secured by a purse string suture. 
< This catheter was used for injection of microspheres for 
~ blood flow measurements. A solid-state pressure trans- 
< ducer catheter (Millar Instruments, Houston, Texas) in- 
.. serted through the apex of the left ventricle and secured 
by a purse string suture, was used for measurement of left 
ventricular pressure and determination of dP/dt. A re- 
versible ligature was placed around the left circumflex 
= coronary artery approximately 2 cm distal to its origin. 
-v Wall motion analysis: Brief coronary occlusion (<15 
seconds) produced epicardial cyanosis which demarcated 
_ the ischemic region. Regional contractile function was 
assessed using sonomicrometer crystals. Both pairs of 
- ‘crystals were implanted in the midmyocardium. One pair 
was located in the center of the future ischemic area, the 
other pair was located more than 15 mm away from the 
. ischemic border at a similar distance from the apex as the 
ischemic zone pair. Both pairs of crystals had minor axis 
„orientation. 
Regional myocardial segment length at end diastole 
was identified as the point on the regional wall motion 
„tracings that occurred just before the onset of positive 
- dP/dt. Systolic segment length was defined as the point 
-on these tracings where the minimal length occurred 
hin the 20-ms period preceding the peak negative dP/ 
he extent of systolic segment shortening (AL) was 
calculated as the difference between end-diastolic and 
`- end-systolic dimensions and expressed as systolic shorten- 
ing fraction (SF), a percentage change in AL from end- 
diastolic segment length (SF = [AL/EDL] X 100). Base- 
>: line end-diastolic dimensions were normalized to 10.0 
mm, and subsequent dimensions were referenced to this 
< value. Maximal velocity of segment shortening (dL/ 
3 dtmax) was measured during the first third of ejection. 
© Recorded variables: An clectrocardiogram (lead IT), 
rtic pressure, ventricular pressure and dP/dt, normal 
segment length, ischemic zone segment length and 
were recorded continuously on a rectilinear oscillo- 
Gould Brush 200, ole — Hrouphont T the 
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The first isotope label i ecte 
period (before administration of dri 
second isotope was injected 15 minutes after: if 
bo administration (immediately before coronar 
occlusion), the third isotope was injected after 10 mi 
of occlusion, and the fourth isotope was injected af 
minutes of reperfusion. On finishing the protoco 
dogs were killed with an intravenous (i.v.) pentoba 
overdose. the heart was excised and transmural my 
dial samples were taken from the ischemic and nor: 
zones. Transmural samples were dissected into subepic 
dial and subendocardial halves weighing approxima 
500 mg each. Radiation counts were determined i 
GammaTrac 1185 Counter (TM Analytic, Elk Grov a 
Village, Illinois). Regional blood flows were calculated = 
using a PDP-11/23 computer program based on the fol- es 
lowing equation: ge 
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0 = a 
(C,)(W) 
where Q, = blood flow in ml/min, C; = jsotope specific = 
counts in tissue, Q, = reference arterial blood withdrawal ts 
isotope specific counts in the refer- 
ence arterial blood sample and W = tissue net weight in ee 
grams. ee 
Mitochondrial function studies: Mitochondrial func- See 
tion was assessed in 8 additional dogs (4amlodipine-and 
4 placebo-treated) weighing 20 to 25 kg. After 10 min- = 
utes of coronary occlusion, the dogs were killed withan 
i.v. pentobarbital overdose, the heart was rapidly re 
moved and immersed in cold saline solution (4°C). A 
subsequent steps were performed in a cold room at 0C t 
4°C. Portions (approximately 4 g) of the posterior lei 
ventricle (where ischemic zone was located) and the ante 
rior left ventricle (where normal zone was located) we 
immediately cut out, 2 to 3 mm of subepicardium re 
moved and the remaining tissue used for isolation o 
mitochondria as subsequently described. i 
Mitochondria were isolated according to the polytro 
treatment method as described previously.!4 The isolatio 
medium (referred to as KEA) contained 180 mM KC 
10 mM EGTA, 0.5% bovine serum albumin (BSA, F: 
tion V, Sigma), pH 7.4, adjusted with TRIS base. 
cardiac muscle sample was minced with a pair of s 
ina plastic beaker, transferred to a 50-ml centrifi 
containing 15 ml of the aforeme 
homogenized t twice with a 
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ne = ante Rexdale, Ontario, Canada) at a setting of 5 for 
approximately 2 seconds. The homogenate was then di- 
luted with KEA (10 ml/g tissue), strained through 2 
© layers of cheesecloth and centrifuged at 400 X g for 10 
minutes in a Beckman J21-C centrifuge (Beckman In- 
-~ — struments, Palo Alto, California) fitted with a J-20 rotor. 
_ The resulting supernatant was then strained through 2 
_ Bys of cheesecloth and centrifuged at 7,800 X g for 10 
minutes. The pellet was washed twice by resuspension 
centrifugation at 7,800 X g for 10 minutes. The final 
llet was resuspended i in a small volume of KEA to yield 
final protein concentration of 20 to 30 mg/ml deter- 
ned by the method of Lowry et al!5 with bovine serum 
bumin as a standard. Mitochondrial respiration was 
easured using a Clark-type oxygen electrode fitted to a 
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Ison oxygraph (Gilson Medical Electronics, Middle- 
W Wisconsin). The assay was performed at 30°C with 1 
of mitochondrial protein in 1.5-ml medium contain- 


se - affected by injection of saline solution or amlodipine (0. 
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duration of the experiment. Control dogs received a pla- 
cebo injection of 3 ml of saline solution, also administered — 
as an i.v. bolus. 

Statistics: Hemodynamic and blood flow compari- 
sons were obtained using 2-way analysis of variance fol- 
lowed by a Neuman-Keuls test when indicated by a sig- 
nificant F value. Comparisons between groups were made = 
by unpaired ¢ test at identical time points. Comparisonsof 
mitochondrial function were obtained by paired Studentt 
test comparing samples isolated from ischemic vs non- .__ 
ischemic areas of the heart. P <0.05 was determined to ae 
represent a significant difference in values. Pa 


RESULTS one 

Systemic hemodynamics: Baseline heart rates inthe 
placebo group (163 + 12 beats/min) and in the amlodi- 
pine group (152 + 11 beats/min) were not significantly 
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FIGURE 1. Effect of amlodipine (0.3 mg/ 
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indicator of left ventricular preload. Although slight ele- 
vations in left ventricular end-diastolic pressure were seen 
after both amlodipine and coronary occlusion, none of the 
changes in this preload indicator reached statistical sig- 
nificance (Table I). A decrease in positive dP/dt (an 
index of global ventricular contractility) in the placebo 
and amlodipine groups was recorded during occlusion, 
which returned toward baseline after 60 minutes of reper- 
fusion. Amlodipine-treated dogs had a significantly 
greater positive dP/dt after 60 minutes of reperfusion 
than placebo-treated dogs. 

Electrophysiology: ST-segment voltage was moni- 
tored as an index of ventricular injury owing to ischemia. 
Placebo-treated dogs had an initial ST-segment depres- 
sion of —0.6 + 1.1 mV which was not affected (—2.0 + 
1.3 mV) by saline solution. Occlusion resulted in signifi- 
cant ST-segment elevation (6.2 + 1.9 mV), which re- 
turned to baseline after 60 minutes of reperfusion (0.4 + 
0.9 mV). Amlodipine-treated dogs had a similar re- 
sponse. ST-segment elevation was —0.8 + 0.5 mV initial- 
ly, —0.4 + 0.6 mV after administration of amlodipine, 4.7 
+ 1.4mV (p <0.05) after 10 minutes of ischemia, and 0.6 
+ 0.2 mV after 60 minutes of reperfusion. There were no 
significant differences in this variable between treat- 
ments at any of these time points. 

Regional myocardial mechanics: SF (Fig. 1) and dL/ 
dt (Table I) in normal and ischemic zones of the left 
ventricle free wall were used as measures of regional 
myocardial mechanical performance. In the normal zone, 
baseline SF (8.4 + 1.5% and 8.8 + 2.1%, placebo and 
amlodipine values, respectively) was not significantly af- 
fected during placebo or amlodipine injection (Fig. 1). 
There was a slight but significant increase in SF in both 
groups during occlusion. In the zone destined to become 
ischemic, baseline values (15.5 + 2.3% and 10.7 + 1.9%) 
were not changed after placebo or amlodipine. Occlusion 
eliminated SF in both groups, reversing wall motion to 
systolic lengthening. After 60 minutes of reperfusion, SF 
in the placebo group recovered by approximately 50%, 
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Baseline Drug/Placebo Occlusion Reperfusion 


but remained significantly depressed relative to the amlo- 
dipine-treated group, which was completely restored to 
the preocclusion value. 

Although there was a slight increase in normal zone 
dL/dt compared with baseline after administration of 
amlodipine, there were no significant changes in dL/dt 
within groups after the drug/placebo administration, oc- 
clusion or reperfusion (Table I). However, a significant 
increase in dL/dt relative to the placebo group was seen 
after administration of amlodipine, and at 60 minutes of 
reperfusion. The ischemic zone had a similar increase in 
dL/dt in the amlodipine group after drug administration 
and after reperfusion but the values did not reach signifi- 
cance vs either the placebo group or preocclusion values. 
In both groups, occlusion abolished the velocity of short- 
ening as systolic lengthening replaced shortening in the 
ischemic zone. 

Myocardial blood flow: Myocardial blood flow was 
measured in endocardial and epicardial samples from 
both normal and ischemic zones. Myocardial flow in the 
endocardium of the normal zone showed no significant 
differences at any time either between or within groups 
(Table II). There was a slight but nonsignificant increase 
in flow after administration of amlodipine, which re- 
mained elevated throughout the rest of the protocol. Epi- 
cardial flow in the normal zone significantly increased 
after administration of amlodipine compared with base- 
line and the placebo treated group, and remained elevat- 
ed throughout the rest of the experiment. 

In the ischemic zone, samples of epicardium had a 
significant increase in blood flow vs baseline and vs place- 
bo groups after administration of amlodipine. However, 
in endocardial samples, the increase in flow was not sig- 
nificant (Table II). Flows in epicardial and endocardial 
samples of both placebo- and amlodipine-treated groups 
were significantly and equivalently reduced during isch- 
emia. After 60 minutes of reperfusion, both amlodipine 
and placebo epicardial flows had returned toward preis- 
chemic values. However, epicardial flow in the amlodi- 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 









TABLE Il Effect of Amlodipine on Myocardial Blood Flow 






Drug / 
Placebo Occlusion Reperfusion 
Baseline (+15 min) (410min) (+60 min) 






Ischemic Zone 









Epicardium 









Placebo 182 + 33 (6) 154419 43413*' 130410 

Amlodipine 140 13 324 + 56*t 40+413*t 196 + 20*+ 
Endocardium 

Placebo 194 + 31 (6) 172421 13+6*t 107412*t 

Amlodipine 1556 233 + 44 7+4*t 161423 







Normal Zone 





Epicardium 










Placebo 211 +47 (6) 156422 143415 136 + 17 

Amlodipine 154+ 13 326 + 31*t 284 + 46*t 2924 35*t 
Endocardium 

Placebo 210 + 40 (6) 164422 164413 151 + 20 

Amlodipine 145413 219445 239446 285 + 67 







* = p <0.05 vs baseline; t = p <0.05 vs placebo /amlodipine at 15 minutes; * = p 
<0.05 vs placebo. 

All values are mean + standard error of the mean in ml/min/100 g; placebo (n = 
6), amlodipine (n = 5). 






pine group remained significantly less than the initial 
flow values after amlodipine. Despite that, these values 
were still significantly elevated compared with placebo 
flow values taken at the same time. Endocardial samples 
from the ischemic zone also showed recovery of flow after 
60 minutes of reperfusion. However, flow in the placebo- 
treated endocardium remained significantly less than 
flow values 15 minutes after placebo, whereas values in 
the amlodipine-treated group were not significantly dif- 
ferent from the values after amlodipine administration. 
There was no significant difference between endocardial 
flow values of the 2 groups after 60 minutes of reperfu- 
sion. 

Mitochondrial function: The effects of amlodipine 
(0.3 mg/kg) treatment of dogs on respiration and oxida- 
tive phosphorylation of mitochondria isolated from isch- 
emic and nonischemic regions of the myocardium were 
examined and the results are presented in Figure 2. In the 
placebo group, 10 minutes of left circumflex artery occlu- 
sion resulted in a small but significant reduction of state 3 
rate of respiration of mitochondria from ischemic com- 
pared with nonischemic zones. A significant reduction in 
respiratory control index was also observed in the placebo 
ischemic zone compared with the nonischemic zone. The 
state 4 rate of respiration and ADP/O were similar in 
both the nonischemic and ischemic zones. Pretreatment 
of dogs with amlodipine resulted in partial reversal of the 
reduction in state 3 rate of respiration and respiratory 
control index to the extent that these changes were no 
longer significantly different (p >0.05) from the nonisch- 
emic zone. 

In 2 preliminary experiments (data not presented), 
mitochondria were isolated from myocardial regions that 
had been made transiently ischemic for 10 minutes and 
reperfused for 60 minutes. The oxidative phosphorylation 
capacity of these organelles was compared with mito- 
chondria from nonischemic regions from the same heart. 
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No differences were noted, as exemplified by equivalent 
state 3 rate of oxygen consumption and respiratory con- 
trol index values for both areas. 


DISCUSSION 

When assessing the ability of amlodipine to influence 
recovery of stunned myocardium, it was important to first 
verify that equal amounts of injury had been sustained by 
the tissue in both the placebo- and amlodipine-treated 
groups. Examination of hemodynamics, electrophysiol- 
ogy and regional myocardial mechanical variables before 
coronary artery occlusion all indicated that the 2 treat- 
ment groups began the study under similar conditions 
and sustained a similar degree of ischemic injury during 
the 10 minutes of occlusion. Blood pressure and heart rate 
are important determinants of the work load of the heart 
and thus its rate of ATP utilization. Because heart rate 
was essentially unchanged and blood pressure decreased, 
the effects of amlodipine may have been the result of 
decreased work load. ST-segment voltage, an index of the 
degree of ischemic injury, was significantly elevated to 
equal degrees in both groups during occlusion, indicating 
similar degrees of ischemic injury. 

Changes in regional myocardial mechanics also sup- 
ported the conclusion that similar degrees of injury oc- 
curred in both groups. Normal zone function, as indicat- 
ed by SF, was unaffected except for some slight hyper- 
contractility which has often been observed during 
experimental coronary occlusion.!7 Ischemic zone func- 
tion was drastically affected during occlusion. SF was 
absent or became negative, indicating paradoxic systolic 
bulging. Measurement of regional myocardial blood flow 
confirmed that circumflex artery occlusion resulted in a 
decrease in endocardial blood flow to near zero in the 
affected areas of both groups. Epicardial blood flow was 
also significantly reduced but still retained some flow, 
which indicated the presence of a similar contribution by 
the coronary arterial collateral circulation among the 
dogs in both treatment groups. However, similar epicar- 
dial flows in both groups during ischemia suggested that 
collateral flow was not significantly increased by amlodi- 
pine. Taken together, the reduced flow and accompany- 
ing equivalent loss in mechanical performance support 
the conclusion that the 2 groups began the experiment 
with similar function and that 10 minutes of coronary 
occlusion resulted in similar degrees of myocardial isch- 
emia. 

The decrease in diastolic and mean arterial pressure 
without significant heart rate change after amlodipine 
was consistent with its cardiovascular profile in anesthe- 
tized dogs. The decrease in blood pressure coupled with 
the increase in myocardial tissue flow after amlodipine 
suggests a possible preferential coronary vasodilatory ac- 
tion for amlodipine. Several clinical studies have con- 
firmed that amlodipine effectively reduces blood pressure 
and may be associated with a secondary positive chrono- 
tropic effect when given acutely at doses greater than 0.5 
mg/kg.'*'8:!9 The i.v. dose of amlodipine used here (0.3 
mg/kg) was chosen based on preliminary studies in which 
this dose reduced mean blood pressure an average of 13%. 


Amlodipine 
Treated 


Untreated 


Amlodipine 


Untreated Treated 


Amlodipine 


Untreated Treated 


Amlodipine 


Untreated Treated 





were isolated from normal (NZ) and ischemic zone (IZ) of myocardium at the end of 10 minutes of coronary occhi 
sion which followed the amlodipine or placebo administration by 15 minutes. State 3 and state 4 rates of respiration are ex- 


Clinical studies have indicated cumulative oral dosing of 
2.5 to 10 mg/day (approximately 0.05 to 0.20 mg/kg/ 
day) to be effective in the treatment of mild to moderate 
hypertension or relief of angina.20-22 

The presence of amlodipine had little or no effect on 
most baseline parameters, However, the significant in- 
crease in normal zone dL /dt after addition of amlodipine 
was indicative of a possible inotropic effect of the drug 
that was likely a reflex response to decreased diastolic 
blood pressure. The increase in dL /dt may also have been 
a heterometric adjustment to the slight but not significant 
increase in left ventricular end-diastolic pressure, which 
translated to an increased end-diastolic length, and in 
turn resulted in increased contractile force through the 
Frank-Starling mechanism. Because alternative mecha- 
nisms, e.g., 8-adrenergic receptor activation were not 
ruled out in this study, these conclusions remain specula- 
tive. 
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The most impressive result obtained from use of amlo- 
dipine in this model of stunned myocardium was the rate 
and extent of recovery of ischemic zone mechanical func- 
tion after reperfusion. Decreased SF is a consistent mea- 
sure of myocardial mechanical dysfunction in stunned 
myocardium! and may remain depressed for several days 
depending on the duration of ischemia.2 There are several 
possible mechanisms that could explain the more rapid 
recovery of SF in the amlodipine group. First, amlodipine 
may have exerted a protective effect on the myocardium 
through favorable hemodynamic actions. Other calcium 
antagonists have been found to protect ischemic myocar- 
dium by slowing heart rate, decreasing contractility and 
reducing total peripheral resistance.23 However, as cardi- 
ac Output was not measured in the present study, we 
cannot rule out a reduction in peripheral resistance as a 
factor. In fact, the lasting reduction in arterial blood 
pressure may reflect a resistance reduction and thus have 
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exerted an effect on the observed SF improvements. Sec- 
ond, as a calcium channel blocker, amlodipine may have 
prevented cellular injury by preventing calcium overload 
in the cell. On reperfusion, irreversibly injured cells accu- 
mulate large amounts of calcium that impairs both ATP 
synthesis and myocardial contractility.>?4 This explana- 
tion is also unlikely because, although calcium overload- 
ing has been found in cells that have been lethally injured 
by ischemia (>20 minutes of occlusion), it has not been 
found in cells that are only stunned.?5° Also, studies that 
have included calcium channel blockers only on reperfu- 
sion have not been able to reduce myocardial injury sig- 
nificantly, or speed mechanical recovery, indicating that 
the protective effect is due to something other than calci- 
um entry blockade.*4?° 

Finally, amlodipine may have allowed a more rapid 
recovery from ischemic injury through increased myocar- 
dial blood flow during reperfusion. It has been found that 
increased coronary flow during reperfusion can increase 
systolic SF in stunned myocardium of dogs.’ This theory 
is supported by the fact that there was a Statistically 
significant increase in epicardial flow and a nonsignifi- 
cant increase in endocardial flow of the amlodipine-treat- 
ed dogs during reperfusion vs both the predrug and the 
placebo values. Increased myocardial flow during reper- 
fusion in the amlodipine-treated dogs would allow in- 
creased delivery of oxygen and substrates and faster re- 
moval of metabolic by-products than in the placebo group 
resulting in more rapid recovery of function. Increased 
coronary blood flow has also been shown to improve 
mitochondrial function after reperfusion.” However, the 
mitochondria we tested showed improved function at the 
end of 10 minutes occlusion, before reperfusion had been 
initiated. This appears to indicate that amlodipine may 
also have a direct protective effect on mitochondria, inde- 
pendent of increasing myocardial blood flow after occlu- 
sion. The presence of intercoronary collateral vessels may 
influence the speed and extent of recovery from ischemia 
since coronary collaterals can serve as an alternate source 
of drugs, nutrients and oxygen delivery during ischemia. 
The amount of coronary collateralization varies from spe- 
cies to species. There are not many collaterals normally 
present in healthy humans? or in the pig,” but they can 
serve as a significant source of flow in canine? and dis- 
eased human heart.?? Nevertheless, the results obtained 
in dogs used in these studies suggest that the coronary 
collateral circulation was not a factor in the results be- 
cause both endocardial and epicardial blood flows as- 
sessed during coronary occlusion were not different in the 
2 groups. 

In summary, this study was designed to examine the 
effect of amlodipine on the mechanical and blood flow 
responses of stunned myocardium, a well-defined model 
of ischemia. Our results clearly indicate that administra- 
tion of amlodipine before a brief ischemic event can re- 
duce the amount of myocardial dysfunction present after 
60 minutes of reperfusion of stunned myocardium. The 
recovery of myocardial and mitochondrial functions oc- 
curred subsequent to equivalent amounts of ischemic in- 
jury as evidenced by similar increases in the voltage of the 
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ST segment of the electrocardiogram and left ventricular 
end-diastolic pressure, and decreases in SF, dL/dt and 
blood flow in ischemic myocardium. Improved recovery 
was likely related to increased myocardial blood flow 
during reperfusion but may also have been aided by pro- 
tective action of amlodipine on myocardial cells before 
and during the ischemic episode. 

In conclusion, we found that in the face of equivalent 
ischemic injury, dogs pretreated with a single i.v. dose of 
amlodipine had a more complete recovery of myocardial 
mechanical function after 60 minutes of reperfusion than 
did dogs that received placebo. Mitochondrial function at 
the end of 10 minutes occlusion was also normal in the 
amlodipine group but depressed in the placebo group, 
indicative of protection of jeopardized myocardial cells. 


Acknowledgment: We express our gratitude to Viki 
Rapien for her technical assistance and Arnold Schwartz, 
PhD, for his interest and encouragement. 
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PANEL DISCUSSION 


Dr. Vanhoutte (Rochester, Minnesota): You may 
have answered my question already on the regional blood 
flow distribution studies. Were those performed under 8 
blockade? 

Dr. Millard (Cincinnati, Ohio): The regional blood 
flow studies were not done under 6 blockade. 

Dr. Vanhoutte: The reflex increase in sympathetic 
tone could contribute to the picture that you see. You 
may have vasoconstriction in most vascular beds and in 
the coronary circulation, and -adrenergic dilatation 
would amplify any effect of the drug. 

Dr. Millard: Yes, I totally agree. You asked Dr. Gross 
the same question in a different way; blood flow changes 
that were recorded in the myocardium are presumably 
due to direct vasodilation and reflex inotropic metaboli- 
cally driven vasodilatation. 

Dr. Vanhoutte: But also possibly neurogenic. 

Dr. Millard: Y cs. 

Dr. Marshall (New York, New York): What was the 
optimal time of pretreatment with amlodipine? 

Dr. Millard: Optimal time of pretreatment was not 
explored. In these studies, the conduction delay studies 
and the stunned myocardium studies with 10 minutes of 
occlusion and reperfusion, amlodipine was given 15 min- 
utes prior to those events. We did that based upon our 
observation that somewhere between 10 and 60 minutes 
after an intravenous (i.v.) dose the myocardial blood flow 
effect reaches a maximum. The other point connected 
with this is that, in contrast to the isolated studies in blood 
vessels and heart, the onset of action is relatively rapid 
with regard to myocardial blood flow and heart rate ef- 
fects. Mr. Burges will have some comment about that, I 
am sure. The loss of the effect seems to be more rapid 
than the concentration in the blood. 

Dr. Kass (Rochester, New York): I heard the word 
enantiomer and that was my point. I was interested in the 
positive inotropic effect that you and Dr. Gross both saw 


because it is at least conceivable that 1 enantiomer is 
related to the agonism you see. 

Dr. Millard: I think it’s possible, but I was impressed 
with something that Mr. Burges showed. I thought that 
the effect was very far out on the dose curve. 

Dr. Kass: That’s not the point; the point is that the 
voltage-dependence of the agonistic effect is different 
from the voltage-dependence of a blocking effect. You see 
agonism at voltages that are consistent with normal dia- 
stolic ventricular potentials, whereas blocking, especially 
with the charged form, requires dependent activity. 

Dr. Millard: This is not due to the effect of contamina- 
tion of agonists, enantiomers. This is indeed characteris- 
tic of a so-called calcium antagonist. 

Dr. Lucchesi (Ann Arbor, Michigan): Let me just play 
devil’s advocate for the moment and suggest that the 
stunning phenomenon in your experiments is a protective 
effect which nature has provided so that the heart will not 
go on to injure itself and here you are reversing this 
protective effect. Do you think that this could lead to a 
detrimental outcome? Have you tried similar experi- 
ments in which the amlodipine is administered after you 
institute reperfusion? Can you improve upon the func- 
tion, therefore suggesting this may be a reflex-mediated 
event, or due to some other action unrelated to calcium 
blockade? 

Dr. Millard: I noticed that from the way you presented 
your protocols, you did use the amlodipine during the 
ischemic event and before reperfusion. We have not ex- 
plored that aspect of the protocol. So I guess I can’t really 
comment on what the outcome would be. I would say that 
the positive inotropic aspect is one that is seen with other 
dihydropyridines and not with diltiazem. 

Mr. Burges (Sandwich, England): I would like to 
comment on the apparent discrepancy between the very 
slow rate of association of amlodipine seen in isolated 
tissues and the relatively more rapid onset of action after 
i.v. injection in vivo. Of course, isolated tissue experi- 
ments are carried out in the presence of a fixed concentra- 
tion of drug, whereas the plasma drug concentration in 
vivo after i.v. injection is initially very high and then falls 
rapidly as the drug distributes into the tissues. Since, by 
the law of mass action, drug/receptor association is con- 
centration-dependent, association rate will not be con- 
stant but will depend on the instantaneous plasma con- 
centration. Thus, there will be rapid association immedi- 
ately following injection and a steadily declining rate 
thereafter, as the concentration falls. We have computer- 
modeled the predicted time course of the response to i.v. 
injections of amlodipine and nifedipine, using the first- 
order mass-action equation with published values of asso- 
ciation and dissociation rate constants, together with the 
pharmacokinetic parameters defining the plasma concen- 
trations during the distribution phase. The predicted re- 
sponse/time curves agreed well with actual observations: 
Maximum response to amlodipine occurred within 10 to 
30 minutes of injection, as opposed to 30 seconds to 1 
minute for nifedipine. For both drugs, time to peak re- 
sponse was reduced as dose was increased, as expected 
from the law of mass action. The difference between 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


amlodipine and nifedipine was almost entirely due to the 
slow receptor-association rate of amlodipine, since their 
distribution half-lives are not dissimilar. 

Dr. Schwartz (Cincinnati, Ohio): In our experiments. 
the L-cis isomer of diltiazem, which is an inactive stereo- 
isomer, had no protective effect. I want to talk about this 
a bit later because I think we are getting way off the 
picture. We are talking about highly stereoselective, low 
concentration effects, and I think that’s due to the calci- 
um channel. 

Dr. Betz (Tubingen, West Germany): I would like to 
come back to your last comment and to your paper, Dr. 
Lucchesi. You mentioned the importance of the endothe- 
lial cells, but you didn’t go into details concerning the 
protection and the role of calcium antagonists on the 
endothelial cells. I would like to briefly outline a very 
small study which we did some time ago. We injected 
macromolecules in animals (molecular weight 40,000), 
which usually penetrate at a very slow rate into arterial 
endothelium. Then we stimulated arterial endothelium. 
We saw a massive uptake of peroxidase, whose molecular 
weight is 40,000, into the subendothelial space. Then we 
gave the animal, prior to stimulation of the endothelial 
lining, different types of calcium antagonists. We saw 
that all of them, to a varying degree, caused a massive 
inhibition of the uptake of this macromolecule which, of 
course, if they are trapped in the subendothelial space, 
Cause a massive edema. So I think you are quite right that 
part of the protecting effect is due to the uptake of sub- 
stances into the subendothelial space. If one can prevent 
this, and some drugs including calcium antagonists are 
active in this respect, one could have some protection. 
However, we know that many of these drugs do not act on 
the endothelium via a channel. As far as I have heard, 
there exists no channel in the endothelial lining. 

Dr. Schwartz: That’s a matter of opinion. 

Dr. Betz: But I have heard it. Then it must be a 
different receptor. 

Dr. Van Zwieten (Amsterdam, The Netherlands): 
Roger Burges, you have argued earlier this morning that 
amlodipine has a tremendous volume of distribution 
which means that it has a very low blood level, and it’s 
everywhere else except for the blood, whereas for nifedi- 
pine, it is quite different. Can you compare this? Well 
from the kinetic point, yes, but so far as activities are 
concerned? 

Mr. Burges: I think it’s very difficult to compare these 
2 drugs, but in the early minutes after an i.v. dose, I think 
you can make some comparisons, before the distribution 
has had a chance to happen. 

Dr. Van Breemen (Miami, Florida): I tend to agree 
with you that the site of action of amlodipine and perhaps 
diltiazem is on the voltage-gated channels. But 2 interest- 
ing slides were presented by Dr. Nayler and Dr. Lucchesi. 
If you use these agents, and you measure the calcium 
again that you get during reperfusion, you see that 
they inhibit the calcium gain by only 40% or so. Therefore 
a great area of therapy is left open which is the other 
60%. And I suggest perhaps that the other 60% is go- 
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ing through calcium leak which, especially in smooth 
muscle cells, has been measured and is at least as big as 
the activated calcium entry, and I am really surprised 
that drug companies are not going after trying to block 
this leak which should be of tremendous potential bene- 
fit. 

Dr. Schwartz: I understand what you are driving at. 
Are you suggesting that the calcium channel blocking 
agents have multiple effects or are you suggesting that 
other drugs should be manufactured? 

Dr. Van Breemen: | am suggesting that they are selec- 
tive for 1 component of the gain, but there is a big room 
for improvement if you could block the other component. 

Dr. Schwartz: | think that is an important point. 

Dr. Nayler (Victoria, Australia): Yes, absolutely. But 
there is something else we have to consider, and that is, 
where is that calcium. If the calcium gain, which we can’t 
block with the calcium channel blockers, is in the sarco- 
plasmic reticulum, it doesn’t matter one bit. So, really, we 
need to know 2 things. We need to know where the 
calcium is that we can’t block the entry of, as well as the 
route of entry. 

Dr. Van Breemen: I don’t agree with that. Even if it 
goes into the sarcoplasmic reticulum, it is very important. 
For an example that’s related to malignant or hyperther- 
mia, when you start releasing calcium from the sarcoplas- 
mic reticulum (SR), you start pumping it, so no matter 
where the calcium goes in the cell, it’s bad for the cell. 

Dr. Nayler: Yes, but the normal cell can handle a 20- 
fold increase in its SR calcium—a normal cell! 

Dr. Van Breemen: Yes, it may be able to recover after 
that, but it is still a tremendous stress on the cell to carry 
that much calcium in the SR. It is not a steady-state 
calcium. It is a dynamic leaking and reuptake so you are 
using a lot of adenosine triphosphate (ATP) in this futile 
cycle. 

Dr. Lucchesi: I would just like to comment on the 
protective effects which I have demonstrated in my mod- 
els, and other people have demonstrated in their own 
respective models of myocardial ischemia and reperfu- 
sion. These protective effects are not unique to the calci- 
um entry blocking agents. You can get identical protec- 
tion with some of the -blocking drugs, and the lipophilic 
-blocking agents seem to have the ability to prevent this 
accumulation of calcium within the cell. Thus, I believe 
that we are dealing with an action unrelated to the calci- 
um channel. To ignore this fact may lead us to miss a very 
important therapeutic advance. 

Dr. Paoletti (Milan, Italy): I think that, in fact, lipo- 
philic 6 blockers also do not have an effect similar to the 
calcium antagonists. They stimulate the de novo synthesis 
of receptor for low-density lipoprotein in a number of 
cells. This is not just restricted to lipophilic 8 blockers. 
Both these facts may be mediated to a decrease in the key 
points of the calcium content of the cells, but they are 
certainly not related to calcium channels. 

Dr. Matlib (Cincinnati, Ohio): This is a hypothetical 
explanation subject to experimental verification. Nor- 
mally there are ion transport processes in organelle mem- 
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branes as well as cell membranes. For example, sodium- 
proton exchange, sodium-calcium exchange, Nat, K+- 
ATPase, voltage-dependent calcium channel, and 
ATP-dependent calcium pump across the cell membrane 
and in the sarcoplasmic reticulum. There is also a Ca?* 
uptake and a Nat-induced Ca?* release process in mito- 
chondria. In ischemia, accumulation of the hydrogen ions 
brings sodium ions into the cell via sarcolemmal sodium- 
hydrogen exchanger, and as a result of this, cytosolic 
sodium concentration increases, the membrane is depo- 
larized, the calcium channel is opened and Ca?* enters 
the cell. The sodium-calcium exchanger in the cell mem- 
brane also brings Ca?* inside the cell due to the change in 
the sodium concentration gradient across the membrane. 
Inhibition of respiration-linked Ca?* uptake and stimula- 
tion of Ca2* release due to increased cytosolic Na* con- 
centration will also contribute to an increase in cytosolic 
Ca2+ leading to Ca2*+ overload. Calcium channel 
blockers, of course, will block Ca?* entry through the 
voltage-dependent Ca?* channel. An inhibitor of the so- 
dium-hydrogen exchanger, like amiloride, will be able to 
decrease the sodium entry in ischemic conditions and, 
therefore, calcium entry through the sodium-calcium ex- 
changer. Inhibitors of mitochondrial Na*-induced Ca2t 
release, interestingly, are certain calcium channel 
blockers, such as diltiazem, which will also lower cytosol- 
ic Ca2+ concentration. Therefore, calcium channel 
blockers and inhibitors of sodium-hydrogen exchange 
may produce beneficial effects in ischemic myocardium. 
We know some calcium channel blockers are protective, 
but the effect of sodium-calcium inhibitor remains to be 
tested. 
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Dr. Godfraind (Brussels, Belgium): | would like to 
make a comment on the calcium overload after the perfu- 
sion. One has to consider not only calcium entry, but also 
the fact that the extrusion mechanism decreased in ca- 
pacity due to the decrease of substrate, of ATP and so on, 
so that the calcium gain may be considered due to the 
reduction also of the calcium efflux and thus is resistant 
to any calcium entry blocker. Would you comment on 
that? 

Dr. Nayler: Well, I understood that the people who 
had tried to use inhibitors of sodium-hydrogen exchange 
have had no joy out of limiting calcium gain. A number of 
derivatives have been used now. They are all nonspecific, 
and they don’t significantly alter the rate of calcium gain 
or the magnitude of calcium gain. So, I don’t really be- 
lieve that the sodium-hydrogen exchange is going to be all 
that is significant. Amiloride blocks a receptors. It blocks 
all sorts of things. 

Dr. Glossmann (Innsbruck, Austria): T-channels are 
in very low concentration. I want to point out that if you 
check the literature with respect to sensitivity of the sodi- 
um-proton exchanger to one of the more or less nonselec- 
tive drugs, you will find that there are differences be- 
tween the Kd values of a factor of nearly 500. This indi- 
cates that like other receptors, they are isotransporters, so 
to speak, and they may not have used the right com- 
pounds for this type of tissue. I want to note here the 
difference between the ICs) or Ko.s value for amiloride 
comparing brain and liver sodium-hydrogen exchange. 
This difference amounts to nearly 1,000-fold: 0.1 vs 500 
uM. So there is a difference between liver sodium-hydro- 
gen exchange and that in the brain seen by the drug. 
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Effects of Amlodipine on Myocardial 
ischemia-Reperfusion Injury in Dogs 


Garrett J. Gross, PhD, Neil E. Farber, PhD, and Galen M. Pieper, PhD 


The effects of the dihydropyridine calcium channel 
biocker amlodipine on subendocardial segment 
shortening (%SS), regional myocardial blood flow, 
myocardial high-energy phosphate levels and tissue 
water content were compared with those of a sa- 
line-treated group of barbital-anesthetized dogs 
subjected to a 45-minute coronary artery occlusion 
followed by 60 minutes of reperfusion. Saline or 
amlodipine (200 „g/kg administered intravenously) 
was given 15 minutes before coronary occlusion. 
There were no significant differences between 
groups in ischemic bed size or hemodynamics al- 
though dP/dt was higher after amlodipine adminis- 
tration. Subepicardial collateral blood flow was 
higher in the amlodipine group during coronary oc- 
clusion. After occlusion, %SS in the ischemic re- 
gion was markedly decreased in both series and 
passive systolic lengthening resulted. Despite simi- 
lar decreases in %SS during occlusion, the amlodi- 
pine-treated dogs showed a marked improvement 
in myocardial segment function of the ischemic re- 
perfused region throughout 60 minutes of reperfu- 
sion compared with saline-treated dogs. In addi- 
tion, amlodipine prevented the rebound increase in 
phosphocreatine and attenuated the loss of adenine 
nucleotides and increase in tissue water in the isch- 
emic reperfused area at 60 minutes of reperfusion. 
These results suggest that amlodipine has a favor- 
able effect on the functional and metabolic recovery 
of the ischemic reperfused myocardium and may 
have potential as a therapeutic agent for the treat- 
ment of coronary artery disease. The mechanism of 
action of amlodipine in this model is unknown but 
may be partially related to a drug-induced increase 
in coronary collateral blood flow or a decrease in 
afterload. 

(Am J Cardiol 1989;64:94 I-100 I) 
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mlodipine is a new 1,4-dihydropyridine calcium 

channel blocker which differs from nifedipine 

and other dihydropyridines by possessing a basic 
side chain at the 2-carbon position of the dihydropyridine 
ring. Amlodipine also has a long plasma half-life of 24 to 
36 hours in dogs and humans.! Because of its long dura- 
tion of action, it has been proposed to have potential as a 
once-a-day treatment for several clinically important car- 
diovascular disorders including essential hypertension 
and angina pectoris. Although amlodipine has been 
shown to possess negative inotropic and chronotropic ac- 
tivity similar to nifedipine in nonischemic cardiac mus- 
cle,? no experiments concerning its efficacy in the isch- 
emic or ischemic reperfused myocardium, or both, have 
been reported. Therefore, the present experiments were 
designed to test the efficacy of amlodipine on postisch- 
emic functional and metabolic recovery after regional 
ischemia and reperfusion in anesthetized dogs. Measure- 
ments of local segment shortening (%SS), myocardial 
blood flow and transmural tissue high-energy phosphate 
levels and water content were used to assess the beneficial 
actions of amlodipine on the ischemic reperfused myocar- 
dium. 


METHODS 

General preparation: Adult mongrel dogs (weighing 
18 to 30 kg) of either gender were anesthetized with 
sodium pentobarbital (15 mg/kg intravenously) and bar- 
bital sodium (200 mg/kg intravenously) and ventilated 
by a Harvard respirator (tidal volume of 15 ml/kg, 10 to 
15 breaths/min) with room air supplemented with 100% 
O2. Atelectasis was prevented by maintaining an end- 
expiratory pressure of 5 to 7 cm of water with a trap. 
Blood gas samples were obtained from the right femoral 
artery and maintained within the normal physiologic 
range. Blood pH, PCO, and PO, were determined by a 
blood gas analyzer (Radiometer ABL 2). Body tempera- 
ture was maintained at 38°C with a heating pad. 

A double-tipped pressure transducer catheter (Millar 
PC 771) was inserted into the aorta and left ventricle 
through the carotid artery to monitor mean aortic and left 
ventricular pressures. The left ventricular pressure pulse 
was electronically differentiated to obtain left ventricular 
dP/dt. The right femoral vein was cannulated for admin- 
istration of drug, vehicle or subsequent anesthesia as 
needed. 

A left thoracotomy was performed at the fifth inter- 
costal space, the lungs retracted, the pericardium incised 
and the heart suspended in a cradle. A 1.0- to 1.5-cm 
segment of the left anterior descending (LAD) coronary 


artery was dissected free from surrounding tissue distal to 
the first diagonal branch and a calibrated electromagnet- 
ic flow probe (Statham SP7515) placed around the ves- 
sel. Coronary blocd flow was measured with a flowmeter 
(Statham 2202). A micrometer-driven mechanical oc- 
cluder was placed distal to the flow probe so that there 
were no branches between the probe and occluder. The 
occluder was used to zero the flow probe and later occlude 
the artery. Heart rate was monitored using limb lead II 
from the electrocardiogram and a tachograph (Grass 
model 7P4F). All hemodynamics were monitored on a 
Grass model 7 polygraph. 

Myocardial segment shortening: Myocardial seg- 
ment function was measured in the regions perfused by 
the LAD and left circumflex (LC) arteries by 2 sets of 
piezoelectric crystals inserted 7 to 9 mm into the subendo- 
cardium. Crystal depths were verified at the end of each 
experiment and were similar in both groups (control = 
8.2 + 0.5; amlodipine = 7.9 + 0.8 mm). The leads of the 
crystals were connected to an ultrasonic amplifier that 
transforms the crystal-transmitted sound pulse into an 
electrical signal proportional to the distance between 
them. The tracings were monitored with an oscilloscope 
(Soltec model 520). The distance between the 2 crystals 
was measured by recording changes in transmission time. 
Diastolic segment length (DL) was determined at the 
beginning of the rise phase of positive dP/dt (onset of 
isovolumic contraction) and systolic segment length (SL) 
was determined at peak negative dP/dt. The %SS was 
calculated using the equation %SS = (DL-SL)/DL X 
100. The segment length data were normalized by using a 
value of 10.0 for the control DL. 

Myocardial blood flow: Transmural myocardial blood 
flow was determined by the radioactive microsphere tech- 
nique (15 um spheres). Briefly, 10 to 20 wCi of either 
141Ce, 51Cr, Ru or Nb (approximately 2 to 4 X 106 
spheres) were injected into the left atrium followed by a 
6-ml saline flush. Before microsphere administration, a 
collection of reference blood flow from the right femoral 
artery was begun at the rate of 6.8 ml/min and main- 
tained for 3 minutes. 

At the completion of each experiment and following 
biopsy for tissue metabolites (see later), india ink was 
injected into the LAD at the point of the flow probe at a 
constant pressure (100 mm Hg) in order to delineate the 
ischemic perfusion area. Saline solution was simulta- 
neously injected into the LC at a similar pressure. Left 
ventricular weights, ischemic area weights (control = 28 
+ 2,5 g; amlodipine = 29.1 + 2.2 g) and areas at risk were 
similar in both groups. The heart was removed and stored 
overnight in 10% formalin. The heart was sectioned into 
tissue pieces from the ischemic (n = 5 each heart) and 
nonischemic (n = 3 each heart) areas. Only pieces within 
at least 2 cm of the black dyed area were included in data 
analysis. The pieces were each sectioned into subepicar- 
dium, midmyocardium and subendocardium. Tissue and 
reference blood flow samples were counted in a gamma 
counter (Searle Analytic 1195). 

Myocardial blood flow was calculated using a prepro- 
grammed computer (Apple IIe) to obtain the true activi- 
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ty of each isotope in individual samples. Tissue blood flow 
was calculated by the following equation: Qm = Qr-Cm/ 
Cr, where Qm is myocardial blood flow (ml/min/g), Qr 
is the rate of withdrawal of the reference blood flow 
sample (6.8 ml/min), Cr is the activity of the reference 
blood flow sample (cpm) and Cm is the activity of the 
tissue sample (cpm/g). Transmural blood flow was calcu- 
lated as the weighted average of the 3 layers in each 
region. The mean endocardial/epicardial flow ratio was 
also determined. 

Myocardial biopsies and metabolism: At the comple- 
tion of each experiment (60 minutes after reperfusion) a 
small area (2 cm) of the normal and ischemic region was 
painted with methylene blue dye and transmural tissue 
samples obtained from normal and ischemic areas at the 
dye site by using a cylindrical cutting tool mounted onto 
an electric hand drill. The tissue samples were quickly 
(less than 5 seconds) clamped and frozen between 2 large 
precooled aluminum blocks cooled in liquid nitrogen. 

The frozen biopsy specimen was divided into 3 ap- 
proximately equal transmural sections: epicardium, mid- 
myocardium and subendocardium. The frozen sections 
were weighed and homogenized in 6% perchloric acid 
using a Tekmar tissue homogenizer. Extracts were neu- 
tralized with 5M KCO; and the supernatant used for 
biochemical analyses. A 100-mm? aliquot of neutralized 
extract was used in a coupled enzymatic reaction to deter- 
mine phosphocreatine (PCr) and adenosine triphosphate. 
In a separate reaction, adenosine diphosphate and adeno- 
sine monophosphate were determined. 

A portion of tissue from each layer was also dried to a 
constant weight at 95°C in pretared beakers for wet/dry 
weight calculations. All metabolic data were expressed in 
units of uwmol/g dry tissue weight. The total adenine 
nucleotide pool was also calculated (adenosine triphos- 
phate + adenosine diphosphate + adenosine monophos- 
phate). 

Experimental protocol: The experimental design in- 
cluded a pretreatment control measurement of hemody- 
namics, myocardial segment function and blood flow af- 
ter instrumentation of the dog. Microspheres were ad- 
ministered before saline or drug intervention. Saline 
(control series) or amlodipine (200 ug/kg intravenously) 
were administered over a 2-minute period through the 
right femoral vein 15 minutes before LAD occlusion. In 
preliminary experiments, this dose of amlodipine was 
shown to produce an increase in coronary blood flow of 50 
to 75% and an increase in transmural collateral blood 
flow of 33 to 35% with minimal effects on aortic blood 
pressure. Ten minutes after drug or saline treatment, 
hemodynamics and myocardial segment function were 
determined. The LAD was then occluded for 45 minutes 
and hemodynamics, myocardial %SS and myocardial 
blood flow were determined at 4 and 43 minutes after 
occlusion. At the end of the occlusion period, the occluder 
was slowly released (1 to 2 minutes). Hemodynamics and 
myocardial function were determined at 5, 15, 30 and 60 
minutes of reperfusion. Radioactive microspheres were 
also administered at 60 minutes of reperfusion to deter- 
mine regional myocardial blood flow. 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


TABLE | Hemodynamics in the Control and Amlodipine Series Before and During Coronary Occlusion (45 minutes ) and After 


Reperfusion (1 Hour) 


Mean Aortic 
Heart Rate Pressure 
(beats /min) (mm Hg) 


Preocclusion 
Control 
Amlodipine 

Occlusion 1 (4 min) 
Control 
Amlodipine 

Occlusion 2 (43 min) 
Control 
Amlodipine 

Reperfusion (30 min) 
Control 
Amlodipine 

Reperfusion (1 hour) 
Control 
Amlodipine 

* Significantly different from the preocclusion control value (p <0.05). 


t Significantly different from the corresponding value in the control group (p <0.05). 
All values are the mean + standard error of the mean (n = 12, each group). 
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FIGURE 1. Collateral blood flow (ml/min/g) in the subepicardium (Epi), midmyocardium (Mid) and subendocardium (Endo) at 4 
and 43 minutes after coronary occlusion in the control (n = 12) and amlodipine (n = 12) groups. All values are mean + standard 
error of the mean. *Significantly different from the control group (p <0.05). N.S. = not significant. (Adapted with permission 


from Cardiovasc Drugs Ther.19). 


Statistical analysis: All values are mean + standard 
error of the mean. Hemodynamics were obtained from a 
mean of 3 to 5 cardiac cycles. Groups were compared 
using a 2-way analysis of variance with repeated mea- 
sures, and Fisher’s least significant difference was used to 
test for the significance of difference between any 2 
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groups at specific time points. When occlusion values 
were compared with those of the pretreatment control, 
Fisher’s least significant difference was used. The Fisher 
exact test was used to test for differences in percent ven- 
tricular fibrillation between groups. Means were consid- 
ered significantly different at p <0.05. 


R 
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FIGURE 2. Percent segment shortening of 
the nonischemic area (% of predrug con- 
trol) in the saline (S) (control) and amlodi- 
pine (AM)-treated groups before occlusion 
(PTC), during occlusion (Occ 1, 2) and at 
various times after reperfusion. All values 
are mean + standard error of the mean (n 
= 12, each group). * Significantly different 
from the control group (p <0.05). (Adapt- 
ed with permission from Cardiovasc 
Drugs Ther.**) 
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RESULTS 

General: A total of 29 dogs were used in the present 
study. One dog underwent fibrillation during occlusion 
and 2 dogs underwent fibrillation during reperfusion in 
the control series (20%); 2 dogs (13%) died of ventricular 
fibrillation in the amlodipine group. Therefore, 12 dogs in 
each group completed the protocol. 

Hemodynamics: The hemodynamics during preocclu- 
sion, 10 minutes after drug or saline administration at 4 
and 43 minutes of occlusion and at 30 and 60 minutes 
after reperfusion are listed in Table I. In the control 
series, no significant hemodynamic changes occured at 
the time sampled. In the amlodipine-treated dogs, there 
was a significant increase in coronary blood flow (25 + 2 
to 39 + 3 ml/min) 10 minutes after drug administration, 
and a significant decrease in mean aortic blood pressure 4 
minutes after coronary artery occlusion. Although no 
other hemodynamic changes were noted in amlodipine- 
treated dogs, dP/dt was significantly (p <0.05) higher 
than in the corresponding control group at all times 
throughout the experiment after drug administration. 

Regional myocardial blood flow: No changes were 
observed in tissue blood flow in the nonischemic LC re- 
gion in the control series throughout the experiment; 
however, in the amlodipine-treated dogs, there was a sig- 
nificant increase in subepicardial and midmyocardial 
blood flow at 4 minutes of coronary occlusion and trans- 
mural blood flow to all layers at 43 minutes of occlusion 
(data not shown). Tissue blood flow in the nonischemic 





@—@ CONTROL 
O—O AMLODIPINE (200 ug/kg) 


#® P<0.05 From Control Group 


region returned to near control values at 60 minutes of 
reperfusion in the amlodipine-treated dogs. 

In the ischemic reperfused LAD region, coronary oc- 
clusion produced marked decreases in transmural collat- 
eral blood flow in both series of dogs; however, subepicar- 
dial blood flow was significantly higher in the amlodi- 
pine-treated dogs at 4 and 43 minutes after occlusion 
(Fig. 1). 

Myocardial segment function: The %SS data are 
summarized in Figures 2 and 3. In the nonischemic LC 
area, %SS was significantly higher in amlodipine-treated 
dogs at 10 minutes after drug treatment, at 4 and 43 
minutes of coronary occlusion and at 5 and 15 minutes of 
reperfusion relative to control hearts (Fig. 2). 

In the ischemic reperfused LAD region, coronary oc- 
clusion resulted in an equivalent reduction in %SS to 
negative values in both groups, which is indicative of 
passive systolic lengthening during ischemia (Fig. 3). 
During reperfusion, %SS in the control and amlodipine- 
treated groups was significantly decreased from the 
preocclusion value; however, in the amlodipine-treated 
dogs the recovery of %SS was significantly greater at all 
times compared with the control group (Fig. 3). 

Myocardial tissue energy metabolism: The effects of 
45 minutes of coronary occlusion and 60 minutes of re- 
perfusion on PCr, total adenine nucleotides and tissue 
water are summarized in Figures 4 and 5. In the control 
series, ischemia and reperfusion resulted in a significant 
rebound increase in PCr and a significant decrease in 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER7,1989 97 I 








A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 
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FIGURE 3. Percent segment shortening of the ischemic-reperfused area (% of control) in the saline (control) and amlodipine 
(AM)-treated groups before occlusion (PTC), during occlusion (Occ 1,2) and at various times after reperfusion. All values are 
mean + standard error of the mean (n = 12, each group). * Significantly different from the control group (p <0.05). (Adapted 


with permission from Cardiovasc Drugs Ther.1>) 


total adenine nucleotides in the ischemic reperfused zone 
compared with the nonischemic zone (Fig. 4). In con- 
trast, in the amlodipine-treated group, the PCr rebound 
was markedly decreased and the loss of total adenine 
nucleotides was attenuated particularly in the midmyo- 
cardium and subendocardium (Fig. 4). In addition, the 
increase in total tissue water that occurred in all layers of 
the ischemic reperfused area in the control series was 
attenuated by amlodipine treatment, most notably in the 
subepicardium (Fig. 5). 


DISCUSSION 

The goal of reperfusion therapy with thrombolysis or 
percutaneous transluminal angioplasty is to reduce the 
ultimate size of irreversible damage and improve the met- 
abolic and contractile status of the ischemic reperfused 
myocardium. A number of pharmacologic agents with 
different mechanisms of action have been shown to en- 
hance the recovery of local systolic and diastolic wall 
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function after reperfusion in models of reversible and 
irreversible ischemia. These agents include scavengers of — 
oxygen-derived free radicals,’ inhibitors of thromboxane 
synthesis,’ specific bradycardiac agents® and certain va- 
sodilator compounds including several slow channel calci- 
um antagonists.” In general, when the duration of the 
occlusion period exceeds 30 minutes, few drugs have been 
shown to result in an immediate, sustained improvement 
in wall function on reperfusion.?!° In anesthetized dogs 
subjected to 60 minutes of ischemia followed by 60 min- 
utes of reperfusion, diltiazem produced a transient in- 
crease in local contractile function at 10 minutes of reper- 
fusion but not thereafter.? KT-362, a new vascular intra- 
cellular calcium antagonist, also produced a transient 
increase in systolic wall function during reperfusion in 
dogs subjected to 90 minutes of coronary occlusion and 3 
hours of reperfusion.'° In contrast, in the present study, 
amlodipine administered before coronary occlusion re- 
sulted in a marked and sustained improvement in systolic 
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Mall function during the entire 60-minute reperfusion 
period. Whether this effect of amlodipine would be sus- 
_ tained for a longer period of time is unknown but may be 
/ expected because of its long plasma half-life.! Amlodi- 
_ pine also partially prevented the decrease in total adenine 
nucleotides, the rebound increase in PCr and the increase 
in tissue water content in the ischemic reperfused area. 
Together, these results suggest that amlodipine may have 
_promise as a cardioprotective agent in clinical reperfusion 
therapy. 

— One possible mechanism by which amlodipine may be 
working to improve postischemic metabolic and contrac- 
tile function is by way of an increase in coronary collater- 
al blood flow during occlusion. The sustained increase in 
collateral flow at 4 and 43 minutes after occlusion in the 
-amlodipine-treated group would be expected to decrease 
severity of the ischemic insult and to result in an 
ment in postischemic contractile and metabolic 
. That amlodipine significantly increased collat- 
flow agrees with previous work from this labo- 
“B in which other. dihydropyridine calcium an- 
gonists have been shown to increase collateral perfusion 
: cute or chronic models of ischemia. However, because 
the. major metabolic and functional improvements were 
observed in the midmyocardium and subendocardium of 
ischemic reperfused area where the collateral flow 
nges were the smallest, other factors besides an im- 
ient in collateral flow may be partially responsible 
ne beneficial actions of amlodipine in this model. 
m entry blockers have been shown to decrease 
essure and heart rate and thereby decrease the 
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present study, the dose of. anaes chosen prod 
only a small decrease in mean blood pressure; therefore, 
is unlikely that the hemodynamic actions of amlodipine 
are primarily responsible for the improvement in post- 
ischemic recovery in these experiments. Other possible 
mechanisms such as protection of cells from calciu 
overload or a shift from lipolysis to glucose metabolism 
have not been investigated in the present study but may 
also be partially responsible for the myocardial protect ‘ 
effects of amlodipine observed. 
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the present results suggest that amlodipine has a number 
` of beneficial actions on the ischemic or reperfused myo- 
cardium, or both, and, because of its favorable pharmaco- 
_. kinetic profile, may be a useful new agent for use as 
; \djunctive therapy in patients subjected to reperfusion of 
pre viously ischemic myocardium.!> 
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.. Dr. Vanhoutte (Rochester, Minnesota): Do you have 
an increase in coronary flow in normal tissue, and do you 
associate that with what you call a small positive inotro- 
pic effect or is it steal? 
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longer model, flow doubles at its peak at about 30 min 
utes, and it stays up for about 60 to 70 minutes. It starts t 
fall off at the end of perhaps 3 hours, where it is onl; 
increased 20 to 25%. The half-life may be 30 hours, bu! 
the effect on coronary flow, at least in a normal area 
is tending to drop off at a faster rate than you migh 
expect. 
Dr. Lucchesi (Ann Arbor, Michigan): One of thet p 
tential clinical benefits from a drug such as this, would bx 
in patients with ischemic heart disease who are ha’ 
repeated episodes of angina. If the human heart behav 
like the animal heart, and I think it does, every episode 
regional ischemia is followed by a period of stunning. 
these stunning events accumulated over the course a; 
day, by the end of the day, you can have a significa 
degree of functional impairment or heart failure. I thin 
drug like this could be readily assessed clinically in pa 
tients who have angina, not only with respect to episodes 
of discomfort, but also to the functional status at the end- 
of a given period. So the same studies may be replicatedin — 
the human, if carefully designed. e 
Dr. Paoletti (Milan, Italy): I am glad Dr. Lucchesi : 
mentions the human heart because I really wonder how- 
close these models are to the human condition. I thinkin 
terms of a subject with slowly advancing arteriosclerosis, — 
with 20 years of hypercholesterolemia, and with a slowly ~ 
increasing stenosis of the coronary arteries. | wonder if 
the metabolism is the same, and of course the flow is 
changed. How are the receptors for these calcium antago- . 
nists in that heart? I wonder if anyone has done this .. 
obvious experiment. r 
Dr. Nayler: I can’t answer Professor Paoletti’s ques- 
tion. We have obtained exactly the same experience with _ 
the stunned heart. But have you tried stunning a diabetic _ 
heart? They behave very differently. Have you put amlo- nS 
dipine into a diabetic, stunned heart? 2 
Dr. Gross: We studied some diabetic hearts, but we 
haven’t examined amlodipine yet. : 
Dr. Nayler: In diabetic hearts, you get a progressive . 
loss of functional recovery. With each stun, as ina normal ` 
heart, you get loss of function after the first stun and > 
then contractile function plateaus. In the diabetic heart, 
there is very little effect with the first stun, but then the » 
function goes down and down with progressive stunning 
periods. Well, don’t do it because we are going : 
do it. a 
Mr. Burges (Sandwich, England): Could I just Te- 
spond to Professor Paoletti’s comment? I wonder whether 
this sort of model may be more applicable to the condition 
of unstable angina, where apparently there are repeated 
episodes of thrombosis followed by spontaneous thromt bo 
lysis. Maybe that is a more applicable model.. - 
Dr. Gross: Also, if a disease process goes on for lon 
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Cardioprotective Effects of Amlodipine in the 
Ischemic-Reperfused Heart 


Paul T. Hoff, BA, Yasuo Tamura, MD, and Benedict R. Lucchesi, PhD, MD 


Amlodipine is a dihydropyridine derivative belong- it is concluded that amlodipine reduces myocar- 


ing to the group of pharmacologic calcium entry 
blocking agents and is characterized as having a 
slow onset and relatively long duration of action 
with minimal effects on cardiac electrophysiology 
and myocardial contractility. 

The protective effect of amlodipine was studied 
in isolated blood-pertused feline hearts made glob- 
ally ischemic for 60 minutes followed by reperfu- 
sion for 60 minutes. ischemic-induced alterations 
of left ventricular developed pressure and compli- 
ance were monitored. In 11 control and 7 drug- 
treated hearts, amlodipine produced significant de- 
creases in myocardial oxygen consumption (6.2 + 
0.4 to 4.4 + 0.4 mi oxygen/min/100 g) and coro- 
nary vascular resistance, as assessed by changes 
in perfusion pressure (120 + 1 to 100 + 4 mm Hg). 
Amlodipine administered before the onset of global 
ischemia decreased the development of ischemic 
contracture as reflected by a progressive increase 
in resting left ventricular diastolic pressure. The re- 
turn of contractile function, 60 minutes after reper- 
fusion, improved significantly in the amlodipine- 
treated group compared with controls, and there 
was better maintenance of the tissue concentration 
of Na+, Ca?+ and K+. 

A canine model of regional myocardial ischemia 
(90 minutes) followed by 6 hours of reperfusion 
was used to assess the cardioprotective effects of 
amlodipine, 150 „g/kg, administered 15 minutes 
before reperfusion. Infarct size, expressed as a 
percentage of the area at risk, was smaller in the 
amlodipine-treated group (n = 10) than in the con- 
trol group (n = 10) (34.5 + 3.8% vs 45.9 + 2.8%, 
p = 0.027). Risk region size did not differ between 
groups and both groups were comparable with re- 
spect to the hemodynamic parameters of heart 
rate, blood pressure and rate-pressure product. 
Amlodipine prevented the gradual reduction in cor- 
onary blood flow observed in the control group. 
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dial ischemic injury by mechanism(s) that may in- 
volve a reduction in myocardial oxygen demand as 
well as by positively influencing transmembrane 
Ca?* fluxes during ischemia and reperfusion. 

(Am J Cardiol 1989:64:101 I-1 16 I) 


found application in the treatment of a variety of 

cardiovascular disorders, !.2 Amlodipine, [3-ethyl 
5-methyl 2-(2 aminoethoxymethyl) 4-(2 chloropheny]) 
1,4-dihydro 6-methy] 3,5-pyridine-dicarboxylate ben- 
zene sulfonate], is a new addition to the dihydropyridine 
class of voltage-dependent Ca2+ channel entry blockers. 
In addition to Possessing many of the properties of the 
prototype dihydropyridine, nifedipine, amlodipine dis- 
plays a slow-onset and relatively long duration of ac- 
tion.>-> Because of the relative selectivity of these agents 
for vascular smooth muscle without significant cardiac 
side effects,®’ the pharmacologic profile of the dihydro- 
pyridines makes them particularly suitable for the pre- 
vention of myocardial injury in the setting of ischemia 
and reperfusion.’-!0 

Myocardial ischemia is associated with a loss of Ca2+ 
homeostasis.''-!3 The subsequent increase in free intra- 
cellular Ca?*+ is a consequence of ischemic tissue inju- 
ry,'*-'6 and has been shown to be associated with de- 
creased recovery of myocardial contractile function, com- 
promised membrane integrity and a progressive decline 
in cellular adenosine triphosphate (ATP) stores. Previous 
studies in our laboratory and elsewhere have demon- 
strated the efficacy of diltiazem and nifedipine in protect- 
ing the myocardium against irreversible tissue injury in 
the setting of global or regional ischemia followed by 
reperfusion.'7-!9 Because of this favorable pharmacologic 
profile it was considered of interest to explore the poten- 
tial of amlodipine to protect the myocardium against the 
development of irreversible cellular injury associated with 
a period of ischemia followed by reperfusion. 

The study was conducted in 2 well-characterized ex- 
perimental models that allowed for the induction of glob- 
al myocardial ischemia (blood-perfused, feline isolated 
heart”°) or regional myocardial ischemia (coronary ar- 
tery occlusion, canine heart) followed by reperfusion.2!.22 
Pretreatment with amlodipine resulted in an improved 
return of function on reperfusion of the globally ischemic 
heart and a significant reduction in myocardial injury in 
response to regional myocardial ischemia followed by 


(eens ion (Ca*+) channel entry blockers have 
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FIGURE 1. Protocol for the study of amlodipine in the isolated, blood-perfused 
pressure; LVEDP = left ventricular end-diastolic pressure; MVO, = myocardial oxygen consumption. 


tricular developed 


reperfusion. Thus, amlodipine may be of potential value 
in instances where myocardial cell viability is jeopardized 
by ischemia or reperfusion, or both. 


METHODS 

Studies in feline blood-pertused isolated heart to de- 
termine effects of amlodipine on mechanical and bio- 
chemical functional parameters after global ischemia 
and reperfusion—experimental protocol: The experi- 
ments were performed in a model of global ischemia 
previously described by Vogel and Lucchesi.” Hearts 
were obtained from cats (1.5 to 3.0 kg) of either gender, 
anesthetized with sodium pentobarbital (30 mg /kg intra- 
peritoneally) and treated with the anticoagulant sodium 
heparin, 300 U/kg intravenously (i.v.). Blood donor cats 
(3.0 to 6.0 kg) of either gender were anesthetized with 
Dial-Urethane (0.7 ml/kg intraperitoneally) containing 
allobarbital, 100 g/liter; urethane, 400 g/liter; and mon- 
oethylurea, 400 g /liter. Blood donor cats were heparin- 
ized with an initial dose of heparin, 400 U/kg i.v., and 
subsequent hourly doses of 300 U/kg. Tracheotomy of 
donor cats was performed and they were ventilated with 
room air using a Harvard respirator pump with rate and 
tidal volume adjusted to maintain normal arterial blood 
values of pH, pO2 and pCO», which were measured dur- 
ing the course of each experiment. Catheters were placed 
in the right and left femoral artery and a femoral vein of 
the donor cat to measure arterial blood pressure and for 
connection to the blood perfusion apparatus and venous 
return reservoir. 
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THERAPEUTIC CONSIDERATIONS OF AMLODIPINE 


60 min Global ischemi 
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LVDP (LV balloon volume was adjusted = LVDP = 120 mmHg) 










60 min Reperfusion 
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feline heart. i.v. = intravenous; LVDP = left ven- 


The heart was removed quickly from the donor cat 
and perfused via the aorta with arterial blood drawn from 
the blood donor cat with a bilateral roller pump. Aortic 
perfusion pressure was maintained between 75 and 90 
mm Hg by adjusting the speed of the roller pump which 
delivered blood from the donor cat to the isolated heart. 
The temperature of the blood that perfused the isolated 
heart was maintained at 37°C by passing it through a 
heat exchanger. Coronary venous blood was drained from 
the right ventricle of the isolated heart by cannulation of 
the pulmonary artery and was returned to the donor cat 
via the femoral vein as was the Thebesian drainage from 
the left ventricle which exited from a cannula inserted at 
the apex of the heart. 

A saline-filled latex balloon connected to a pressure 
transducer was placed in the left ventricle by insertion 
through the left atrium and across the mitral valve. Blood 
that passed the aortic valve of the isolated heart and 
collected in the left ventricle was drained via a vent in the 
apex of the heart. The heart was surrounded by a glass 
water jacket maintained at 37°C. The hearts were paced 
electrically by a pair of bipolar platinum wire electrodes 
attached to the right atrium. Before undergoing global 
ischemia, the isolated heart was allowed to equilibrate for 
at least 30 minutes. Heart rate and left ventricular end- 
diastolic pressure (LVEDP) were maintained at 150 
beats/min and 15 mm Hg (by adjustment of the intra- 
ventricular balloon volume), respectively. 

After equilibration, preischemic measurements of the 
left ventricular mechanical function were obtained by 






TABLE I Effects of Amlodipine on the Nonischemic Isolated Blood-Perfused Feline Heart 


Heart Rate-LVDP 
Product (X1,000) +dP/dT 
Heart Rate* LVDPt — MVO3+ CBF (x100) 
—— Pre Post — 
Pre Post Pre Post (beats/min X Pre Post Pre Post Pre Post 
(beats/min) (mm Hg) mm Hg) (mIO2/min/100 g) (ml/min/g) (mm Hg/sec) 


* Heart rate—intrinsic (nonpaced) rate 


t Balloon volume was adjusted so that initial LVDP was approximately 120 mm Hg. 
_ IAO; — VO,(vols %)} X CBF(ml/min) 


t MVO2 = myocardial oxygen consumption, calculated from the formula: MVO2 = 


$ p <0.005 between pre- and postinfusion values (paired t test). 
CBF = Coronary blood flow; LVDP = left ventricular developed pressure. 


generating function (Starling) and compliance curves. 
This was accomplished by measuring left ventricular de- 
veloped pressure (LVDP), left ventricular dP/dT and 
LVEDP on inflation of the intraventricular balloon in 
increments of 0.2 ml over a range of volumes producing 
LVEDPs of 0 to 30 mm Hg. Isolated feline hearts were 
paced electrically during the pre- and postischemic mea- 
surements of mechanical function to minimize the differ- 
ences in contractility due to heart rate.23 The hearts were 
_ divided randomly into 2 groups: saline- and amlodipine- 
treated groups. The dose of amlodipine was based on the 
weight of the blood donor cat. The isolated heart was 
exposed to either amlodipine (150 ug/kg donor cat, dis- 
solved in 5 ml of saline) or saline (5 ml) and administered 
by infusion over a period of 5 minutes into the femoral 
vein of the blood donor cat (Fig. 1). 

The effects of amlodipine on myocardial contractile 
performance and oxygen (O2) consumption (MVO>) 
were assessed under conditions described in the legend to 
Table I. MVO, was determined by measuring the O, 
content of arterial and venous blood samples, drawn from 
the aortic and pulmonary arterial cannulas, respectively. 
O- content of the blood was determined with the use of a 
Lex-O -Con O, analyzer (Lexington Instruments, Wal- 
tham, Massachusetts), which was calibrated against 
room air and for ambient barometric and water-vapor 
pressures. Coronary blood flow was measured by collect- 
ing timed samples from the pulmonary arterial cannula in 
a graduated cylinder at 0 mm Hg LVEDP. 

After contractile measurements, isolated hearts were 
made globally ischemic for 60 minutes by turning off the 
roller pump delivering arterial blood to the heart. The 
volume of the intraventricular balloon was set so as to 
produce 15 mm Hg LVEDP immediately before the in- 
duction of global ischemic arrest of the heart. LVEDP 
was allowed to change spontaneously over the course of 
the ischemic period. When subjected to global ischemic 
arrest, the isolated hearts were kept normothermic 
(37°C) by immersion in physiologic saline contained in a 
heated jacketed reservoir. Electrical pacing was discon- 
tinued during the ischemic period. 

At the end of the 60-minute period of global ischemia, 
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Heart Weight (g) 





reperfusion was initiated by restoring blood flow to the 
isolated hearts. Postischemic perfusion was maintained 
for 60 minutes and the coronary blood flow was adjusted 
to a rate that returned perfusion pressure to preischemic 
levels (75 to 90 mm Hg). At the onset of reperfusion, the 
volume in the left ventricular balloon was decreased to 0 
mm Hg LVEDP in order to prevent elevated end-diastol- 
ic pressure from impeding transmural coronary blood 
flow as a result of extravascular compression.”4 Hearts 
that developed ventricular fibrillation on reperfusion 
were defibrillated with an injection of 0.05 ml saturated 
KCI solution (not recirculated) into the aortic cannula 
immediately above the coronary ostia. Isolated hearts 
were not paced on restoring perfusion. Electrical pacing 
at the preischemic rate was maintained, however, during 
the assessment of contractile function in the postischemic 
recovery period. After 60 minutes of reperfusion, post- 
ischemic measurements of coronary blood flow and con- 
tractile function were repeated as described. 

After obtaining postischemic measurements, the iso- 
lated hearts were perfused with 100 ml Krebs solution to 
remove blood from the vascular bed and subsequently 
were removed from the perfusion apparatus. Intact hearts 
from the blood donor cats were excised and served as 
controls because they were not subjected to the damaging 
effects of the ischemic period, but were exposed to the 
same pharmacologic interventions as the isolated blood- 
perfused hearts. The intact hearts were weighed as were 
tissue samples obtained from both hearts. The myocardi- 
al samples were stored in a freezer at —20°C. 

Tissue water content: Samples of ischemic-reper- 
fused and control (from blood donor cats) nonischemic 
myocardial tissues were blotted, weighed and dried in an 
oven to constant weight. Tissue water content, expressed 
as ml/g dry weight was calculated from the ratio of tissue 
wet and dry weights. 

Tissue electrolytes: The dried tissue samples were 
digested and extracted with HNO; and trichloroacetic 
acid and diluted with distilled water. Tissue Nat and Kt 
contents were determined by flame photometry (Instru- 
mentation Laboratories, IL-143) and tissue Ca2*+ content 
was determined by atomic absorption spectrophotometry 
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FIGURE 2. Protocol for the study of amlodipine on canine myocardial ischemia and reperfusion injury. B.P. = blood pressure; 
Ca2+ = calcium ion; H.R. = heart rate; i.v. = intravenous; LCX = left circumflex blood flow. 


(Varian AA375, Sugarland, Texas) using 1.0% LaCl; 
(final concentration = 0.5%) to suppress phosphate inter- 
ference. Ion contents were expressed per gram of dry 
tissue. No attempt was made to measure and correct for 
the extracellular space because reperfusion after isch- 
emia can cause gross changes in sarcolemmal permeabili- 
ty.?5 

Studies on limitation of ultimate infarct size in the in 
situ canine heart—surgical preparation: Detailed meth- 
ods have previously been published.!7-?!22 Male mongrel 
dogs, selected with respect to breed and weighing be- 
tween 12 and 18 kg, were anesthetized with sodium pen- 
tobarbital (30 mg/kg i.v.). The dogs were ventilated with 
room air, delivered through a cuffed endotracheal tube, 
using a Harvard respiratory pump. Tidal volume and 
respiratory rate were adjusted to maintain arterial blood 
pH, pO, and pCO) within physiologic limits. A thoracot- 
omy through the left fifth intercostal space was per- 
formed and the heart was suspended in a pericardial 
cradle. Catheters, placed in the external jugular vein and 
carotid artery, were used for the administration of drugs 
and monitoring arterial blood pressure, respectively. 
Leads II, III and aVF of the electrocardiogram were 
monitored continuously in all experiments. The left cir- 
cumflex coronary artery was isolated beneath the left 
atrial appendage, distal to its atrial branch and proximal 
to major ventricular branches. An electromagnetic flow 
probe connected to a digital readout meter (Carolina 
Instruments; King, North Carolina) was placed around 
the left circumflex coronary artery for continuous mea- 
surement of coronary blood flow. 

Approximately 15 minutes was allowed to establish a 
stable hemodynamic state, after which baseline measure- 
ments of heart rate, carotid arterial blood pressure and 
left circumflex coronary artery blood flow were recorded. 
After measurements of basal coronary blood flow, a criti- 
cal stenosis of the coronary artery was produced by plac- 
ing an 18- or 19-gauge needle alongside the exposed ar- 
tery, tying a short length of silk suture around the artery 
and needle, and quickly removing the needle, thereby 
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producing a partial constriction of the vessel. The ligature 
was adjusted to reduce by at least 50% the reactive hyper- 
emic response to a 10-second occlusion of the left circum- 
flex coronary artery without altering basal coronary 
blood flow. The method of producing the critical stenosis 
effectively reduces the incidence of hemorrhagic infarc- 
tion and lethal reperfusion arrhythmias.7! 

After reestablishment of a stable hemodynamic con- 
dition, the left circumflex coronary artery was occluded 
for 90 minutes using a reversible ligature made with 
Silastic tubing. After 90 minutes of regional ischemia, the 
occlusive snare was released over a period of 30 minutes, 
with the critical stenosis remaining in place. Leads II, IH 
and aVF of the electrocardiogram, blood pressure and 
coronary artery blood flow were monitored and recorded 
on a Grass model 7 polygraph throughout the experimen- 
tal procedure. The experiments were completed after 6 
hours of reperfusion, after which the heart was arrested 
by electrically induced ventricular fibrillation and infarct 
size was assessed. The experimental protocol is presented 
in Figure 2. 

Exclusion and inclusion criteria: Predetermined ex- 
clusion criteria were: (1) the presence of heart worms on 
final examination of the heart, (2) the failure to manifest 
discoloration (cyanosis) of the epicardial surface in the 
region of distribution of the left circumflex coronary ar- 
tery after occlusion, (3) a failure to exhibit electrocardio- 
graphic signs of ischemia (ST-segment elevation) in leads 
II, III or aVF of the electrocardiogram, (4) a failure to 
develop arrhythmias on reperfusion and (5) intractable 
ventricular fibrillation requiring more than 3 attempts at 
cardioversion using low direct-current pulses (20 J) ap- 
plied directly to the surface of the heart. Antiarrhythmic 
drugs for the prevention of ventricular fibrillation were 
not used in these experiments because of recent reports 
suggesting that agents such as lidocaine reduce infarct 
size. 

Administration of amlodipine and saline: The dogs 
were assigned randomly to receive either amlodipine (150 
ug/kg, dissolved in 20 ml of 0.9% solution of sodium 


chloride) or 0.9% sodium chloride solution (20 ml). 
Treatments were administered over a period of 5 minutes 
and were given 15 minutes before the onset of reperfusion 
(75 minutes after initiation of regional myocardial isch- 
emia). 

Determination of myocardial infarct size and area at 
risk: The dogs were killed 6 hours after reperfusion by the 
electrical induction of ventricular fibrillation (60 Hz, 5 V, 
l-ms pulse duration applied to the surface of the heart). 
The hearts were excised and rinsed with warm 0.9% sodi- 
um chloride solution, weighed and attached toa perfusion 
apparatus. Histochemical determination of the anatomic 
area at risk and the zone of infarction was accomplished 
with an ex vivo dual perfusion technique.2!:22.27 The left 
circumflex coronary artery was cannulated at the point of 
previous occlusion and perfused with 4% tripheny] tetra- 
zolium chloride (TTC) in 20-mM potassium phosphate 
buffer (pH 7.4, 37°C), while the aorta was perfused 
retrogradely with 0.25% Evans blue dye. The solutions 
were infused simultaneously for 5 minutes under a con- 
stant pressure of 100 mm Hg with the heart suspended in 
a water bath (37°C). Differential perfusion of the cir- 
cumflex artery and remaining vasculature under these 
conditions delineates the anatomic area at risk, as well as 
infarcted myocardium, based on the ability of dehydroge- 
nase enzymes present in viable myocardium to react with 
TTC. With this histochemical technique, myocardium 
that is not part of the area at risk is stained dark blue. 
Within the boundaries of the area at risk, normal tissue is 
colored brick red by the formazan precipitate resulting 
from enzymatic reduction of TTC, while infarcted myo- 
cardium appears pale yellow. The heart was cut trans- 
versely into 1-cm-thick sections, revealing 3 clearly de- 
fined areas (normal myocardium in the nonrisk region, 
normal myocardium in the risk region and infarcted myo- 
cardium in the risk region) of the left ventricle as defined 
by the histochemical procedure. The fidelity of the TTC 
staining method has been confirmed previously.289 After 
weighing each left ventricular section, the outline of the 3 
areas of both sides of each section were traced onto clear 
plastic overlays for subsequent quantification of the area 
at risk and the infarcted zone by planimetry using an 
Apple Graphics Tablet and Apple Ile computer. A cus- 
tom-made software program was used to calculate the 
masses of the infarct zone and the area at risk from the 
planimetered areas and the weights of each section. Previ- 
ous studies demonstrated that there is an excellent corre- 
lation between infarct size derived by the planimetric 
method and the direct gravimetric measurement.22 The 
nethod for the determination of myocardial infarct size is 
Illustrated in Figure 3. The infarcted mass is expressed as 
1 percent of the area at risk, and the area at risk is 
*xpressed as a percent of the left ventricle. 

Tissue calcium content measurements: Portions of 
nyocardial tissue, dissected from the 3 areas of the left 
ventricle (normal myocardium in the nonrisk region, nor- 
nal myocardium in the risk region and infarcted myocar- 
lium in the risk region), were oven-dried to constant 
weight and digested in nitric acid. The tissue Ca2+ con- 
tent of acid digests, diluted in lanthanum (LaCl;; final 
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NZ = NORMAL ZONE 


IZ = ISCHEMIC ZONE 
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of the Total Left Ventricle 


FIGURE 3. Representation of histochemical method used to 
quantitate infarcted zone (IZ), area at risk (AR) and normal 
noninfarcted zone (NZ). (See text for details.) 


concentration = 0.5%), was measured by atomic absorp- 
tion spectrophotometry (Varian AA375, Sugarland, Tex- 
as). Serial dilutions of CaCO; standard solution, contain- 
ing identical amounts of nitric acid and LaCl;, were used 
to construct a standard curve. 

Statistical analysis: All data are reported as mean + 
1.0 standard error of the mean. Differences between the 
mean values of treated and untreated groups were com- 
pared using Student ¢ test for unpaired data. Differences 
between values within groups were tested for statistical 
significance using the paired ż test. Differences at the p 
<0.05 level were considered statistically significant. Mul- 
tiple comparison analysis involving more than 2 groups 
were performed with analysis of variance. 


RESULTS 

Effects of amlodipine on global ischemia-reperfusion 
injury in blood-perfused feline isolated heart: In all, 42 
cats (21 donor cats and 21 cats for isolated hearts) in 21 
experiments were used for this series of the study. Three 
experiments (6 cats) were excluded because of an inabili- 
ty to maintain stable hemodynamic conditions associated 
with metabolic acidosis of the donor cats. Thus, 36 cats 
(18 donor cats and 18 cats for isolated hearts) in 18 
experiments initially entered the protocol. The study 
groups consisted of 11 control (placebo-treated) and 7 
amlodipine-treated hearts. 

Changes in arterial blood pressure in donor cats af- 
ter administration of amlodipine: The changes in systol- 
ic, diastolic and mean arterial blood pressure in the blood 
donor cats after amlodipine or sodium chloride infusion 
are shown in Figure 4. Systolic blood pressure decreased 
from 125 + 14 to 115 + 12 mm Hg (p <0.05) 20 minutes 
after the intravenous administration of amlodipine to the 
blood donor cat. The administration of the diluent to the 
control group was not associated with any change in the 
blood pressure of the blood donor cat. 

Effects of amlodipine on nonischemic, blood-per- 
fused feline heart: The changes in left ventricular con- 
tractile function, MVO, and coronary blood flow after 
infusion with amlodipine or placebo are listed in Table I. 
The rate of the perfusion pump providing flow to the 
coronary arteries of the isolated hearts was not changed 
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FIGURE 4. Change in arterial blood pressure (B.P.) of blood 
donor cats before and 20 minutes after treatment with either 
saline or amlodipine. SEM = standard error of the mean. 


until measurements after administration of the drug or 
placebo were obtained. Amlodipine exerted a negative 
inotropic effect and caused a commensurate decline of 
MVO, (and rate-pressure product). The intrinsic heart 
rate decreased, but not significantly. Coronary vascular 
resistance decreased, necessitating an increase in the out- 
put of the coronary artery perfusion pump so as to return 
the coronary perfusion pressure to the predrug value. The 
increase in coronary blood flow was 8% (1.07 + 0.05 to 
1.16 + 0.10 ml/min/g) greater than that of the control 
flow before the administration of amlodipine. The change 
in coronary resistance, however, did not differ significant- 
ly from control. 
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Administration of amlodipine was associated with sig- 
nificant decreases in LVDP (120 + 1 to 100 + 4 mm Hg), 
which was reflected in a decrease in MVO, (6.2 + 0.4 to 
4.4 + 0.4 ml O>/min/100 g) as well as a decrease in left 
ventricular dP/dtmax and rate-pressure product. Thus, 
amlodipine (150 ug/kg) administered to the blood donor 
cat produced a negative inotropic effect in the blood- 
perfused isolated heart, which reflects an overall decrease 
in myocardial contractile function and a subsequent re- 
duction in MVO>. The data for each of the recorded and 
derived parameters are presented in Table I. 

Resting left ventricular pressure changes during 
global ischemia: The interruption of coronary perfusion 
and the induction of global myocardial ischemia induced 
a rapid decline in LVDP. During the period of ischemic 
arrest, the resting left ventricular pressure (which would 
correspond to left ventricular diastolic pressure in the 
beating heart) began to increase progressively starting 20 
minutes after the onset of global ischemia. After 60 min- 
utes of global ischemic arrest, the resting left ventricular 
pressure had increased from an initial preset value of 15 
mm Hg to a mean value of 77 + 8 mm Hg in the saline- 
treated hearts. In contrast, amlodipine pretreatment 
slowed the time course of the rate of increase of resting 
left ventricular diastolic pressure, and at the end of 60 
minutes the resting left ventricular diastolic pressure was 
33 + 6 mm Hg (p <0.05). Data are summarized in 
Figure 5. 

Therefore, amlodipine administered before the onset 
of global ischemia significantly decreased the extent of 
development of ischemic contracture as reflected in a 
progressive increase in the resting LVEDP at each time 
point between 20 and 60 minutes of global ischemic arrest 
of the feline isolated heart. 

Electrical activity: At the onset of ischemia, there was 
a rapid dissociation between contractile and electrical 
activity in the isolated hearts. While active pressure de- 


FIGURE 5. Changes in rest- 
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velopment ceased within 60 seconds after termination of 
coronary artery perfusion, electrical activity continued 
for several minutes. Heart rate slowed gradually and 
changed from a sinoatrial rhythm to one which was ven- 
tricular in origin. Ventricular fibrillation did not occur in 
any heart during the ischemic period, but all hearts fibril- 
lated immediately on reperfusion. In the saline-treated 


+ group of hearts, 6 of 11 hearts reverted spontaneously to 


sinus rhythm, while 6 of 7 amlodipine-treated hearts 
spontaneously returned to normal sinus rhythm after re- 
perfusion. The percentage of recovery was greater in am- 
lodipine-treated hearts, although the difference between 
the 2 groups with respect to the spontaneous return to 
normal sinus rhythm was not Statistically significant 
(54.5% in the saline-treated group, 85.7% in the amlodi- 
pine-treated group [difference not significant; p = NS] 
by Fisher exact test). 

ischemia/reperfusion—induced changes of left ven- 
tricular contractile function and compliance: Changes in 
left ventricular compliance resulting from 60 minutes of 
/ ischemia followed by 60 minutes of reperfusion are shown 
in Figure 6. There was no difference between the 2 groups 
in the weight of the isolated hearts (saline-treated group 
= 12.0 + 0.7 g, amlodipine-treated group = 12.6+0.7 g; 
p = NS). There was a significant decrease in compliance 
(preischemic vs 1-hour reperfusion) in both the saline- 
and amlodipine-treated groups after ischemia and reper- 
fusion. In the saline-treated group, all values were shifted 
to the left, compared with the corresponding points on the 
preischemic curve indicating a decrease in left ventricular 
compliance. The amlodipine-treated group also was char- 
acterized by a leftward shift in the ventricular compliance 
curve, but of a lesser magnitude at each value of left 
ventricular volume compared with the changes observed 
in the saline-treated control group. Amlodipine pretreat- 
ment resulted in a significant shift in the ventricular com- 
pliance curve toward the right compared with changes in 
the saline-treated group. 

Ventricular function curves for the 2 groups of isolat- 
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FIGURE 6. Left ventricular compliance of the blood-perfused, isolated feline heart. Pre-isch = pre-ischemia; SEM = standard er- 
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ed hearts are shown in Figures 7 and 8. Sixty minutes of 
global ischemia plus reperfusion resulted in a decrease in 
LVDP compared with the preischemic control values in 
the saline-treated group (LVDP, —43.5 + 1.3% of pre- 
ischemic value). Pretreatment with amlodipine attenuat- 
ed the deterioration in ventricular performance on reper- 
fusion at each point on the left ventricular function 
curves. Amlodipine-treated hearts showed less of a de- 
cline in LVDP (—20.5 + 0.9%) as a result of 60 minutes 
of ischemia and reperfusion (Fig. 7). Amlodipine also 
attenuated the decrease in left ventricular dP/dtmax 
compared with saline-treated ischemic hearts (Fig. 8). As 
noted previously with respect to ventricular function, am- 
lodipine, despite its own intrinsic negative inotropic ef- 
fect, provides protection against the depression in myo- 
cardial contractility that results in the control hearts after 
a period of global ischemia followed by reperfusion. 
Coronary blood flow: The values obtained for the 
measurements of coronary blood flow, before and after 
ischemia reperfusion, are shown in Figure 9. Coronary 
blood flow was measured while the hearts were paced 
electrically at a rate of 150 beats /min, with LVEDP set 
at 0 mm Hg. The values for coronary blood flow were 
normalized for heart weight and expressed in ml /min/g 
weight. Isolated hearts had a mean preischemic coronary 
blood flow of 1.20 + 0.05 ml/min/g for the control group 
and 1.10 + 0.07 ml/min/g for the amlodipine group (p = 
NS). Coronary blood flow increased to 1.67 + 0.20 ml/ 
min/g (+30% of preischemic value) after 60 minutes of 
ischemia followed by 60 minutes of reperfusion in the 
saline-treated hearts (p = 0.021). In the amlodipine- 
treated group there was a further decrease in coronary 
vascular resistance so that coronary blood flow was 2.5 + 
0.33 ml/min/g (+127%) after ischemia plus reperfusion. 
Although there was a marked increase in coronary flow in 
amlodipine-treated hearts, when compared with the sa- 
line-treated group, the overall increase did not achieve 
Statistical significance (p = 0.057; unpaired t test). 
Tissue analysis: Values for water and electrolyte con- 
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FIGURE 7. Ventricular function curves of the feline isolated, 
blood-perfused heart. SEM = standard error of the mean. 


tents in myocardial tissue are presented in Table II. The 
hearts from blood donor cats served as nonischemic con- 
trols. Previous studies from this laboratory”*° demon- 
strated that the isolated blood-perfused, nonischemic 
control hearts did not differ from the hearts of the blood 
donor cats with respect to tissue contents of water, sodi- 
um, potassium or calcium. The blood-perfused isolated 
heart maintains its ability to control water and electrolyte 
composition. Any changes in water and electrolyte com- 
position of the isolated heart could be attributed directly 
to the applied interventions and not to the fact that the 
heart had been isolated and perfused for an extended 
period. In both the saline- and amlodipine-treated isch- 
emic/reperfused hearts there was a significant increase in 
water content, indicating edema formation. The differ- 
ence between the 2 groups was not significant. Tissue 
potassium content decreased in both groups of ischemic 
hearts compared with normal hearts from the blood do- 
nor cats. Treatment with amlodipine attenuated the loss 
of potassium. Tissue calcium content increased in both 
groups as a result of ischemia plus reperfusion, and the 
calcium content in amlodipine-treated ischemic hearts 
was less than that in the saline-treated hearts. Thus, from 
the standpoint of electrolyte composition of the reper- 
fused heart, amlodipine resulted in significant reductions 
in the loss of intracellular potassium and reduced the 
amount of calcium that accumulated during the period of 
reperfusion. The latter observation would be consistent 
with the finding that amlodipine preserved both systolic 
and diastolic functions of the reperfused heart. 

Effects of amlodipine on extent of ultimate infarct 
size resulting from temporary coronary occlusion and 
reperfusion in canine hearts: In all, 27 dogs (13 amlodi- 
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fused, isolated heart. SEM = standard error of the mean. 
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FIGURE 9. Coronary blood flow before and after 60 minutes 
of ischemia plus reperfusion. 


pine- and 14 saline-treated dogs) were used in this series 
of experiments. Four dogs (2 amlodipine- and 2 saline- 
treated dogs) were excluded before the initiation of amlo- 
dipine or saline infusion because of failure to manifest 
any objective evidence of regional myocardial ischemia 
on left circumflex coronary artery occlusion. Two dogs (1 
amlodipine- and 1 saline-treated dog) were excluded be- 
cause more than 3 attempts at cardioversion were re- 
quired to reverse ventricular fibrillation. One dog (saline- 


DY 





TABLE Ii Myocardial Water and Electrolyte Content 


Water 
(ml/g dry weight) 





Saline-treated group 


Donor heart (n = 6) 3.54 0.1t 

Ischemia-reperfused (n=6) 5.7+0.1 
Amlodipine-treated group 

Donor heart (n = 6) 3.3+0.1T 

Ischemia-reperfused (n = 6) 5.5+0.3 






* Sodium concentrations were corrected for sod 
t p $0.05: donor heart vs ischemia-reperfused heart. 

tp <0.05: saline-treated group vs amlodipine-treated group. 
Values are mean + standard error of the mean. 


treated) died of intractable ventricular fibrillation during 
reperfusion and was not included in the final analysis of 


the data with respect to infarct size. Thus, the final 
groups consisted of 10 amlodipine- and 10 saline-treated 
dogs. 

Group characteristics: Body weight: Comparison of 
the 2 groups of animals with respect to body weight failed 
to demonstrate a significant difference between the 2 
groups (15.7 + 0.3 vs 16.1 + 0.4 kg for saline vs amlodi- 
pine groups). 

Heart size: Total heart weight was the same for both 
groups (136.3 + 6.6 vs 140.2 + 6.8 g for saline vs amlodi- 
pine groups). Total left ventricular weight was similar in 
both groups (94.9 + 5.8 vs 101.6 + 4.1 g for saline vs 
amlodipine groups). 

Area at risk: The area at risk (determined with the 
dual perfusion method using Evans blue and tripheny]- 
tetrazolium), expressed as a percent of the left ventricle, 
did not differ between the 2 groups (40.5 + 1.8 vs 40.2 + 
1.3% for saline vs amlodipine groups). Overall area at risk 
for 20 experimental dogs was 40.2 + 4.9% of the total left 
ventricle. Because the small variability in the size of the 
risk region, the dependence of infarct size on the area at 
risk size was eliminated as a variable, therefore making it 
possible to assess the potential of a pharmacologic agent 
to reduce ultimate infarct size. 





FIGURE 10. Effect of amlo- 
dipine on infarct size analy- 
sis. Region of tissue repre- 
senting the area at risk as a 
percentage of the left ventri- 
cle and myocardial infarct 
size taken as a fraction of the 
area at risk. N.S. = not sig- 
nificant. 
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Effect of amlodipine on ultimate myocardial infarct 
size: Infarct size analysis is presented in Figure 10. In- 
farct size expressed as a percent of the anatomic area at 
risk in the amlodipine-treated group was smaller than 
that in the saline-treated group (45.9 + 2.8 vs 34.5 + 
3.8% for saline vs amlodipine groups; p <0.025). There 
was a significant difference in infarct size when the data 
are expressed as a percent of the left ventricle (18.6 + 1.5 
vs 13.6 + 1.6% for saline vs amlodipine groups; p <0.05). 
The ratio of the area at risk of becoming infarcted com- 
pared with the area of the left ventricle did not differ 
between groups (40.5 + 1.8% vs 40.2 + 1.3% for Saline vs 
amlodipine). Assessment of infarct size as a percentage of 
the area at risk demonstrated that treatment with amlodi- 
pine produced a 24.8% reduction in ultimate infarct size. 

Hemodynamic parameters: Preocclusion values of 
heart rate, mean arterial blood pressure, rate-pressure 
product and mean left circumflex coronary blood flow 
were similar in the 2 groups (Table III). There were no 
significant intergroup differences in these parameters 
during 90 minutes of coronary artery occlusion and 6 
hours of reperfusion. Mean arterial blood pressure 30 
minutes after reperfusion significantly decreased com- 
pared with preischemic control values in the amlodipine- 
treated group. Mean coronary blood flow between 3 and 
6 hours after reperfusion in the saline-treated group was 





AREA AT RISK / LEFT VENTRICLE 










PERCENT (%) 





+ 








Saline 
(n=10) 


Amlodipine 
(n=10) 





SFE AE O ENER CENE T EOT 














‘Kape xəndan yə = D1 
“URAL əy} JO 10149 P4ePUR}S F uea 3e SƏNJLA 
‘(UOISN}ODO 31049 ƏNJLA YPM pasedwo9) G0'0S d a 











(uiu /s}eəq X BH ww) 
GI FOIZ Zl FOZZ vI FOZZ GI FYIZ €1 FOOZ €I FOSI EI FELT vI ¥ 102 GI * 902 GI FEOZ EIT F csi €l F Z6l yonpoid aunssed X LY 









(uuu / |W) 

szFIre 46 GEFOSS  97ZFI «=O EE FEM SZFOLZ 3c FOOE  ZEFE8Z 0 0 0 0 TEFZZE moy POO|G 97 
(3H ww) 

© G6 € FOOT Y FEI € F701 y F001 vy ¥v6 +G F 6 SFZOlL 9F601 Q9F601 ZFIOL S¥OIl aunsseid poo|q Ube 
(uu /s}eaq) 

+8 F 161 «9 ¥ 061 «G FEST L¥9L1 8 F691 L¥6S1 9 F9GI L¥901 L¥991 9F99T L¥091 G¥6SI a}e4 eƏH 














(OT = u) dno19 sUIdIpO|Wiy 












(uiu /syeaq X 3H ww) 
IIFZZI 6F991 OIF ZZI yonpoud aunsseid X eY 
(uw /w) 






GT F 902 8I FSI¢ vI ¥ v0d 6 + v6l CL FSZT Il FSZT 6 # SLT ELF ZL 









WZFGOL  sTEFGOZ  sSZFEZZ w9ZFECZ GeFIEC Be FL OF FO'RZ 0 0 0 0 LEF6 6? moj; POO|G D1 
(BH ww) 

Y 26 v¥l6 G¥ 16 Y F86 Y FY6 G56 vy F£6 9 +96 9 ¥ 86 9 86 6 #96 1 ¥Z01 aunssaud poojq ueeW 
(uu /s}2eq) 

«IL F881 ee F SBT 6FLLI 9 ¥ 691 8 F6G1 9 F091 9 F191 SERGI OF GT EFEST GFT €F HSI aye1 Wea} 










(OT = u) dno19 oules 















say G Su Y say € say Z uIL 09 uju O£ uiu 06 uiu G/ uiu 09 UI OE  uosnpoo 


ss a ee ee ee ae ———————— ə10}əg 


uoisnpedey uoisnjo20 97 








ewuayos] [UOISEY JO səpnuı 06 14y pue Buung ‘310439 se8ueud ueuspowəH IM STW 





110 I THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


[J Saline Group (n=10) 
EJ Amlodipine Group (n=10) 
Mean + SEM 
* : p<0.025 
(Saline vs. Amlodipine) 
: p<0.05 
(compared to non-ischemic region) 


UMOLES Ca g Dry Weight 


Non-Ischemic 
Region 


lower than the preischemic values. Heart rate between 5 
and 6 hours after reperfusion in the saline-treated group 
and between 4 and 6 hours after reperfusion in the amlo- 
dipine-treated group was increased compared with pre- 
ischemic control values in each group. However, there 
were no significant between-group differences over the 
time course of the protocol. In addition, there were no 
significant intergroup differences in rate-pressure prod- 
uct after the infusion of saline or amlodipine. 

Tissue calcium content: The Ca?+ content of myocar- 
dial tissues is presented in Figure 11. In both groups, the 
Ca’** content of noninfarcted and infarcted tissue within 
the area at risk, was greater than myocardial tissue ob- 
tained from the nonischemic region, the content being 
greater in the central infarcted zone. Amlodipine signifi- 
cantly attenuated the elevation of tissue Ca2+ in the non- 
infarcted myocardium within the area at risk. Tissue 
Ca** content in the infarcted zone tended to be lower in 
the amlodipine-treated group, but the difference was not 
statistically significant. 


DISCUSSION 

The experimental results indicate that administration 
of the new dihydropyridine derivative amlodipine before 
the onset of global ischemia is effective in preserving 
myocardial function in the isolated, blood-perfused feline 
heart. Investigators using diltiazem,>° nifedipine?! and 
verapamil?” have shown that these agents offer protection 
in similar settings of myocardial injury. Similarly, amlo- 
dipine was shown to decrease the extent of myocardial 
necrosis when given 15 minutes before reperfusion in the 
intact canine heart which was subjected to 90 minutes of 
regional ischemia. Administration of Ca2+ channel entry 
blockers before the onset of ischemia has been shown to 
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FIGURE 11. Tissue calcium ion (Ca**) content in the canine myocardium after 90 minutes of occlusion and 6 hours of reperfu- 
sion. N.S. = not significant; SEM = standard error of the mean. 


reduce infarct size in models of permanent occlusion and 
ischemia followed by reperfusion.®:!7:!9 To better under- 
stand the role of Ca?+ channel blockade in preventing, 
rather than delaying, irreversible injury during reperfu- 
sion, we gave amlodipine before the onset of reperfusion. 
The observed reduction in infarct size may be attribut- 
able, in part, to the prolonged duration of action of this 
agent.’ 

The importance of ischemia and reperfusion in the 
etiology of myocardial cell injury has been reviewed ex- 
tensively.3334 Corresponding with the onset of ischemia is 
an abrupt cessation of oxidative phosphorylation in the 
mitochondria due to the decreased O; tension. Anaerobic 
glycolysis is accelerated initially, but eventually declines 
despite the persistence of endogenous glycogen stores.35 
As the ischemic interval lengthens, all pathways for the 
generation of ATP are inhibited, leading to very low 
concentrations of intracellular ATP.*° Because many of 
the homeostatic mechanisms are energy dependent, regu- 
lation of tissue electrolyte composition is abnormal in this 
setting. Early studies performed in the dog demonstrate 
that during ischemia, total cellular Ca2+ concentration 
does not change,’ but on the reintroduction of calcium 
containing perfusion medium, intracellular Ca2+ in- 
creases significantly. The increase in intracellular Ca2+ 
during reperfusion is due to an increase in Ca2+ influx.38 
The reactivation of oxidative phosphorylation, known to 
occur during reperfusion, may be involved in the active 
uptake of Ca?t.3? Steenbergen et al% showed that intra- 
cellular free Ca2*+ also increases during ischemia, al- 
though at a slower rate, presumably through the release 
of intracellular Ca?+ stores. The observed changes in 
Ca?* and its regulation are thought to be involved in the 
cellular damage observed in ischemia and reperfusion. 
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In this study, we use 2 different experimental models 
in order to assess the possible therapeutic role of amlodi- 
pine in the setting of acute myocardial ischemia and 
reperfusion. Because of the intrinsic nature of Ca?* chan- 
nel entry blockers to relax vascular smooth muscle, the 
isolated, blood-perfused feline hearts were chosen in or- 
der to eliminate the possibility of modified cardiac perfor- 
mance, which might have occurred as a result of de- 
creased afterload or variations in regional myocardial 
blood flow, or both. One of the particular advantages 
offered by this model is the absolute assurance of global 
ischemia. Other investigations using various Ca?t chan- 
nel entry blockers and other vasodilators have often re- 
ferred to “coronary steal” as a possible mechanism, which 
may account for a possible deleterious effect of these 
agents.4! This phenomenon, however, cannot exist in tis- 
sues that are made globally ischemic. In addition to the 
exclusion of hemodynamic variability, the isolated heart 
offers the advantage of procuring measurements indepen- 
dent of alterations in central nervous system input to the 
heart. Previous studies have used this model”°”° of global 
ischemia (60 to 90 minutes) followed by reperfusion (1 to 
2 hours) for the assessment of contractile function, elec- 
trophysiologic parameters and coronary vascular resis- 
tance. We used the isolated heart model as part of a 
rational protocol designed to assess the effects of amlodi- 
pine on myocardial performance and electrolyte balance 
in the absence of hemodynamic and central nervous sys- 
tem variations. 

The susceptibility of the canine heart to myocardial 
ischemia has been compared with other species, and it has 
been shown that reproducible regional myocardial necro- 
sis can be achieved after temporary coronary occlusion 
followed by reperfusion.!7-2!22 The intact canine heart, 
unlike the isolated heart protocol, assesses drug responses 
in an intact physiologic system in which hemodynamic 
and central nervous system responses are not maintained 
under artifical control. As a result, drug-related changes 
in systemic arterial blood pressure, heart rate, coronary 
blood flow and MVO, can be monitored. The intact ca- 
nine heart was used to assess the efficacy of amlodipine in 
reducing that component of myocardial necrosis, which 
can be attributed to the late stage of ischemia and reper- 
fusion when the drug is administered 15 minutes before 
the restoration of regional myocardial perfusion. 

Results from isolated, blood-perfused feline hearts: 
Amlodipine evoked hemodynamic alterations typical of 
the dihydropyridine class of Ca?* channel entry blockers 
in the setting of global ischemia and reperfusion. Amlodi- 
pine given before the onset of ischemia increased coro- 
nary blood flow in the isolated heart and decreased mean 
arterial blood pressure in the blood donor cat. The ob- 
served actions of amlodipine may be due to the inhibition 
of the slow inward Ca2+ current. The dihydropyridines 
are considered to function by binding to specific sites 
directly within the ion channel.” The binding selectivity 
of the dihydropyridines may confer an undetermined ac- 
tion independent of ion flux.* During ischemia there is a 
gradual increase in [Ca?*]; that is thought to be secon- 
dary to the metabolic breakdown of energy-producing 
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systems leading to an inhibition of the ATP-dependent 
homeostatic control mechanisms.*4 Pretreating isolated 
hearts with calcium channel entry blockers has demon- 
strated a mechanical and biochemical protection during 
prolonged ischemia.*>-4’ 

However, experiments performed on isolated myo- 
cytes pretreated with specific and nonspecific calcium 
channel entry blockers (nifedipine and diltiazem, lidofla- 
zine and flunarizine, respectively) failed to prevent hyper- 
contracture with nifedipine and diltiazem, but did protect 
in the presence of the nonspecific agents lidoflazine and 
flunarizine.4® These results indicate a possible intracellu- 
lar action of Ca2+ regulation. Recently, Sperelakis et al*? 
suggested that the increase in [Ca2+]; during ischemia 
may be due to a failure of the metabolic processes to 
pump free Ca?+ out of the cell. Similarly, Dhalla et al°° 
showed an inhibition of sarcoplasmic reticular Ca** 
ATPase uptake and Na*/Ca?* exchange mechanisms 
during anoxia and ischemia. Because Ca** probably en- 
ters by more than 1 route during reperfusion, specific 
Ca2+ channel entry blockers, while effective during isch- 
emia, can only delay but not abolish the reperfusion- 
induced gain in Ca?* that is associated with cell death. 

Tissue electrolyte analysis showed that amlodipine 
was able to inhibit the changes in myocardial electrolyte 
concentrations due to ischemia/reperfusion. Global isch- 
emia followed by reperfusion was associated with an in- 
crease in myocardial Ca?* and Nat, and a loss in tissue 
K+. These results are consistent with previous studies that 
describe alterations in electrolyte homeostasis during 
ischemia /reperfusion.*”*! In comparison with control 
hearts, amlodipine pretreatment substantially reduced 
the relative increase in [Ca2+]; and [Nat*];, and reduced 
the loss of [K+]; associated with ischemia. Because the 
samples were obtained after 1 hour of reperfusion, Ca?* 
measurements do not reflect changes in [Ca?*]; resulting 
from ischemia. During prolonged ischemia (>20 min- 
utes) [Ca2+]; increased, but total cellular Ca** remained 
constant; this subtlety reflects intracellular functional de- 
rangements in the mitochondria and sarcoplasmic reticu- 
lum. Nayler et al5? performed ultrastructural analysis of 
the sarcolemmal membrane after 60 minutes of ischemia 
and found it to be largely intact. The observed increase in 
[Ca2+]; in our experimental model is consistent with the 
rapid influx of Ca?* that occurs on reperfusion. Reperfu- 
sion-associated increases in [Ca?+]; cannot occur through 
activation of the slow channels alone.°? It has been postu- 
lated that the gradual loss of membrane integrity occurs 
during ischemia by various mechanisms including: acti- 
vation of phospholipases, accumulation of lipids,°* O2- 
free radicals®> or other undefined mechanisms, thus re- 
moving the physical barriers allowing the free diffusion of 
Ca2+ down its concentration gradient that occurs at 
reperfusion. Therefore, the relative decrease in total 
[Ca?+]; after amlodipine pretreatment may be due to an 
inhibitory action on those events that lead to the initiation 
of membrane damage during the ischemic period; the 
metabolic and structural alterations that normally serve 
as the substrate for reperfusion injury —Ca’* overload— 
are eliminated. By pretreating the globally ischemic/re- 
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perfused heart, we did not define the role of the Ca2+ 
channel blockers in reperfusion injury. 

During ischemia there was a rapid decline in devel- 
oped tension and a progressive increase in LVEDP begin- 
ning between 10 and 20 minutes after Cessation of flow. 
Although we did not obtain tissue Ca**+ measurements 
throughout the ischemic interval, the progressive increase 
in LVEDP has previously been shown to be associated 
with a steady increase in free [Ca?+];.56 The increased 
[Ca?+]; may be due to an inability of myocytes to remove 
free Ca?t from the cytoplasmic space through an inhibi- 
tion of the active reuptake systems of the sarcoplasmic 
reticulum, mitochondria, and sarcolemmal membrane. 
Previous studies have shown that the increase of [Ca2t]; 
that occurs during anoxia and ischemia is not due to an 
influx of extracellular Ca?**, but is related to alterations in 
Ca?* extrusion and sequestration.5°.56 The redistribution 
of [Ca*]; into usable free Ca2+ inhibits mitochondrial 
oxidative phosphorylation by diverting energy production 
to the active sequestration of Ca2+ in the mitochondria.°° 
Amlodipine inhibited the increase in LVEDP throughout 
the 60-minute period of ischemia. By inhibiting the onset 
of myocyte hypercontracture, amlodipine may prevent 
the further mechanical disruption and chemical degrada- 
tion of an already compromised sarcolemmal membrane, 
thereby making the cells less susceptible to Ca2+ overload 
on reperfusion. This action of amlodipine and the other 
calcium channel entry blockers, when given before the 
onset of ischemia, is similar to the energy-sparing drugs>” 
and high-energy phosphate precursors.°*.°? Amlodipine, 
in addition to its action on the slow calcium channel, may 
function by a mechanism, as yet to be described, involving 
the intracellular regulation of Ca2+ release from the sar- 
coplasmic reticulum. 

Two indexes of myocardial function were used to as- 
sess the physiologic effects of amlodipine (compliance 
and function). Amlodipine improved functional recovery 
on reperfusion, but did not afford a complete return to 
baseline conditions. These results suggest that amlodipine 
exerts a protective effect during ischemia /anoxia, but on 
reperfusion, a degree of protection is lost. Reperfusion 
injury is a complex and multifactorial event 3344 The 
common final denominator, however, appears to be the 
rapid influx of Ca?* concomitant with the reintroduction 
of molecular O, and metabolic substrates. The “calcium 
paradox” or calcium overload can occur even in the ab- 
sence of Oy; intracellular accumulation of O; radicals 
luring ischemia may be sufficient to cause cel] damage, 
hus allowing for rapid Ca2+ influx.5255 Calcium can 
inter the damaged myocyte through a variety of different 
athways including Nat-Ca2+ exchange, diffusion 
hrough damaged membrane, ion-channels and release 
rom intracellular stores. It has been shown that amlodi- 
ine and the related dihydropyridines can prevent Ca2+ 
nflux through the ion channel. Other pathways for Ca2+ 

ntry undoubtedly remain functional, thus preventing full 
ecovery of function despite previous administration of 
mlodipine.*? Closely related to the recovery of contrac- 
le function is the fact that amlodipine reduced MVO, 
arteriovenous difference). Coronary blood flow was im- 
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proved, an event that may have been due to a direct action 
on the vascular smooth muscle. Alternatively, because 
coronary blood flow is impeded by extravascular com- 
Pression, prevention or reduction in the development of 
contracture during ischemia and especially on reperfu- 
sion would result in an improved distribution of blood 
flow to the myocardium, which would not necessarily be 
reflected in an overall increase in total coronary blood 
flow. Furthermore, the no-reflow phenomenon may have 
been prevented by amlodipine, thus facilitating better 
perfusion of the tissue on the restoration of coronary flow. 
Our experimental design did not enable us to differentiate 
whether improved performance was due to decreased 
MVO; or an improved tissue distribution of coronary 
flow. 

Results from intact canine hearts: Previous studies 
have shown that Ca2+ channel entry blockers are effec- 
tive in reducing infarct size and improving cardiac func- 
tion when administered before the onset of coronary ar- 
tery occlusion in intact animal preparations, 17.60 Possible 
cardioprotective mechanisms have been described and 
include increased regional myocardial blood flow, de- 
creased afterload through systemic arteriolar dilation, 
decreased MVO,, decreased heart rate and direct nega- 
tive inotropic effects. Direct inhibition of neutrophil acti- 
vation may also play a beneficial role in reducing the 
ultimate extent of damage.ć!-62 In contrast, calcium chan- 
nel entry blockers are ineffective when administered con- 
comitantly with reperfusion.*3 Intervention with low 
Ca?* containing solutions or acidic reperfusate can delay, 
but not prevent, the expression of cellular damage.°2 

Convincing evidence has shown that much of the 
damage associated with reperfusion occurs within min- 
utes of the restoration of flow.25 Shen and Jennings?’ 
showed that total cellular Ca2+ was unchanged during 
ischemia, but increased abruptly on reperfusion. The fail- 
ure of calcium channel entry blockers to improve cardiac 
function and reduce infarct size when given during reper- 
fusion alone is likely due to the rapid loss of sarcolemmal 
membrane integrity associated with restoration of flow 
and subsequent loss of homeostatic mechanisms. Isch- 
emia primes the cells for destruction through activation 
of proteases, O»-free radicals and calcium ATPases. 13-50 
Gross disruption of the sarcolemma develops in associa- 
tion with reperfusion and such perturbations are not evi- 
dent during ischemia alone, despite the fact that the cell 
membrane has been altered with respect to its permeabili- 
ty characteristics.‘2.3.64 As a result, Ca2+ moves unim- 
peded into the cytoplasmic space during reperfusion. 
Ca?* influx may be one of the final common pathways 
that result in myocardial dysfunction and necrosis. 

In deference to its relatively prolonged onset of action, 
we administered amlodipine 15 minutes before the onset 
of reperfusion. In contrast to other studies in which Ca2+ 
antagonists given at the time of reperfusion demonstrated 
no reduction in infarct size or improvement in myocardial 
function,**-43.65 amlodipine reduced infarct size and de- 
creased intracellular Ca2+ concentrations in the nonin- 
farcted tissue in the area at risk. In a study performed 
with the working rat heart, Higgins et al43 observed no 
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protective effect by verapamil or diltiazem when the 
drugs were administered at the time of reperfusion; nifed- 
ipine and the calmodulin antagonist W-7, however, were 
found to be beneficial when given at reperfusion or when 
given before ischemia. They concluded that Ca2* antago- 
nists may act differentially on the sarcolemmal mem- 
brane. Furthermore, it was suggested that nifedipine may 
exert its protective effects by an intracellular action simi- 
lar to that attributed to W-7 on calmodulin.© 

Our data suggest that the observed reduction in myo- 
cardial infarct size was independent of altered hemody- 
namic parameters: heart rate, mean arterial blood pres- 
sure, coronary blood flow and the rate-pressure product 
that did not differ between treated and control animals. 
The possibility remains, however, that alterations in re- 
gional myocardial blood flow may have contributed to 
tissue salvage. Studies done in a canine model of severe 
ischemic injury showed that nifedipine reduced myocar- 
dial injury due to an increase in collateral blood flow.® 
Pretreatment with amlodipine 15 minutes before reperfu- 
sion may have attenuated late ischemic phase alterations 
in the homeostatic mechanisms. Nayler et al6? showed 
that the duration of ischemia is directly proportional to a 
decrease in dihydropyridine receptor affinity (kg) and 
receptor density (Bmax) for the low affinity slow calcium 
channel, thereby allowing increased binding of nifedipine 
during ischemia; such alterations have not been demon- 
strated during reperfusion. This increased binding may 
be associated with an increase in membrane stability. 
Data from Jennings et al°? and Poole-Wilson et al® sug- 
gest that Ca?* antagonists may increase sarcolemmal 
membrane stability. By increasing membrane stability 
during ischemia, amlodipine may preserve the integrity of 
intracellular Ca2+ homeostatic mechanisms throughout 
reperfusion, allowing better extrusion of Ca?+ through 
the energy-dependent pumps, thereby attenuating Cat 
overload and the resultant myocardial damage. Dhalla et 
al50 suggested that irreversible damage occurs on reperfu- 
sion when Ca2+ removal becomes defective. Our results 
indicate that amlodipine, although it did not completely 
inhibit the increase in [Ca?*]; in the noninfarcted tissue, 
it did attenuate the increase in myocardial [Ca?*]; com- 
pared with controls. 

It has become recognized that the excessive influx of 
Ca2+ associated with ischemia / reperfusion injury occurs 
almost exclusively during reperfusion; this increase can- 
not be due to increased conductance through the Ca’* 
channel alone.2843 By administering amlodipine 15 min- 
utes before reperfusion, we have demonstrated a reduc- 
tion of infarct size that has been typical of hearts treated 
before ischemia, but unlike those treated only during 
reperfusion. These results cannot be attributed to alter- 
ations in hemodynamic parameters. Although not deter- 
mined in the present study, the observed beneficial effect 
of amlodipine may have occurred as a result of improved 
distribution in regional blood flow to the reperfused myo- 
cardium. Prophylactic treatment with amlodipine during 
late ischemia may provide enough protection to keep the 
sarcolemma and tissue calcium homeostatic mechanisms 
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‘ntact during reperfusion. Relative reductions in the ac- 
cumulation of [Ca?*]i compared with control suggest 
that amlodipine may exert a direct protective effect on 
the myocardium during ischemia, which may carry over 
into the reperfusion phase through membrane stabiliza- 
tion or, as suggested earlier, through an intracellular 
mechanism. Amlodipine may also reduce activation of 
leukocytes that would limit enzymatic and oxidative 
damage associated with ischemia and reperfusion in par- 
ticular.°!-° 


CONCLUSION 

The data suggest that the long-acting dihydropyridine 
derivative amlodipine is effective in preserving myocardi- 
al contractile function and reducing the extent of Ca** 
accumulation after 60 minutes of ischemia and reperfu- 
sion when administered before the onset of ischemia in an 
isolated, blood-perfused feline heart. We also demon- 
strated that amlodipine, given 15 minutes before the on- 
set of reperfusion after 75 minutes of regional ischemia, 
limits ultimate infarct size in the canine heart subjected 
to 90 minutes of ischemia and 6 hours of reperfusion. The 
observed protective effect was associated with a reduction 
in tissue Ca2+ accumulation in the noninfarcted region of 
the area at risk. Amlodipine may be useful as a cardiopro- 
tective agent providing preservation of cardiac function 
and cell viability during events that involve myocardial 
ischemia and reperfusion. 
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PANEL DISCUSSION 


Dr. Glossmann (Innsbruck, Austria): I can try to an- 
swer | question and this is that you have 1 ,4-dihydropyri- 
dine and diltiazem which do the same thing. I can exclude 
the mitochondrial site which we work on. We can exclude | 
the nucleotide carrier as a target for both the drugs, and I 
think we can also exclude the channel. So this leaves us 
with a fourth site, and I can say this because the vera- 
pamil group of drugs always goes together for all the 
receptors. If you study Escherichia coli or mitochondria, 
all this goes together with the DHP receptor. We have 
not found yet, a receptor where the diltiazem-benzo- 
diazepine site goes together with the 1 ,4-dihydropyridine 
site. 
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Dr. Nayler (Victoria, Australia): Do you have any 
information on what is happening to the cytoskeleton of 
the myocytes in your calcium antagonist treated model? 

Dr. Lucchesi (Ann Arbor, Michigan): Yes, I have 
some very nice electron micrographs on this subject. 
There appears to be excellent preservation of the ultra- 
structure. 

Dr. Nayler: Not just ultrastructure, but also the cyto- 
skeleton of the cell? 

Dr. Lucchesi: No, I don’t have that kind of informa- 
tion. 

Dr. Nayler: I think this is terribly important because 
we must stop the cell membrane from swelling, which 
means we have to keep it anchored. I wonder if the calci- 
um antagonist drugs have this effect? 
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Dr. Lucchesi: I can’t answer that. 


Dr. Nayler: We agree with you the ultrastructure is 
marvelously preserved, but we are also looking now in 
detail at the cytoskeleton of the cell. 

Dr. Lucchesi: I might point out that I didn’t show the 
data, but in our mitochondrial studies, mitochondrial 
function is beautifully preserved. 


Dr. Vanhoutte (Rochester, Minnesota): The story 
you tell us today and your story too, Dr. Nayler, reminds 
me very strongly of the stories on lidoflazine about 10 
years ago. Does that help in understanding why those 
drugs could act and what they could do? 


Dr. Lucchesi: I think lidoflazine is acting very much in 
the same way. 
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Vascular Effects of Calcium Antagonists: 
Implications for Hypertension and Other Risk 
Factors for Coronary Heart Disease 


Pieter A. van Zwieten, MD, PhD 


All calcium antagonists (CAs) so far developed are 


vasodilators, and this Property is a most important 
component of their therapeutic potency in hyper- 
tension and angina pectoris. At a cellular level, the 
Specific interaction of CAs with transmembranous 
calcium fluxes involves both potential and receptor- 
operated channels, respectively. 

Both a2 and a; adrenoceptors when activated 
with an appropriate agonist can trigger the calcium 
influx through receptor-operated CA channels, œz 


been demonstrated to be involved, although moder- 
ately, in the influx of calcium ions from the extra- 
cellular space. 

The hemodynamic profile of CAs is character- 
ized by a particular specificity for the resistance 


fect in the kidney, counteracts the fluid retention to 
be expected for vasodilator drugs. Interesting ancil- 
lary properties of CAs are their potentially favor- 
able effects on the myocardial and vascular hyper- 
trophy associated with long-standing hypertension, 
as well as their antiatherogenic activity that so far 
has only been demonstrated in animal models. Such 
additional properties are of potential benefit and 
deserve further research, since most large-scale 
hypertension trials have shown that vasodilatation 
and the reduction of elevated blood pressure as 
such, are probably not sufficient to adequately pro- 
tect hypertensive patients against coronary events. 
(Am J Cardiol 1989;64:117 I-121 I) 
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(or calcium entry blockade) as proposed by Fleck- 

enstein et al!.2 was predominantly based on the 
influence of the drugs on cardiac tissues. In a later stage 
in the further development of calcium antagonists (CAs), 
it was recognized that vascular actions of CAs are highly 
relevant mechanisms in most of their therapeutic applica- 
tions for various Cardiovascular disorders, e.g., hyperten- 
sion and angina pectoris. It therefore seems justified to 
pay due attention to the interaction between CAs and 
blood vessels. These actions imply cellular effects, includ- 
ing the various types of calcium channels and certain 
autoreceptors, but also involve the hemodynamic profile 
of CAs. More recently, interest has developed for the 
influence of CAs on microcirculation, as well as on the 
myocardial and vascular hypertrophy associated with es- 
sential hypertension. The potential antiatherogenic activ- 
ity of CAs is a further ancillary feature of these drugs, 
which deserved ample attention. A brief survey of these 
various aspects is the aim of the present communication. 


CELLULAR ASPECTs: INTERACTION OF 
CALCIUM ANTAGONISTS WITH 
CALCIUM CHANNELS 

Potential-operated channels: The interaction of CAs 
with various types of potential-operated channels (POCs) 
of the L-type was dealt with in full detail in the review by 
Vaghy et al,? whereas the radioligand-binding aspects of 
this interaction were discussed by Wagner et al.4 The 
reader is referred to these 2 review papers for details 
concerning the interaction between the CAs and the L- 
channels (potential-operated channels [POC]) involved). 

Receptor-operated channels: It has been assumed for 
several years that POCs would be much more sensitive to 
CAs than to receptor-operated channels (ROCs). How- 
ever, this difference is not true for all types of blood 
vessels, and it has become clear during the last few years 
that in resistance vessels the sensitivity of ROCs for CAs 
is at least as great or even greater than that of POCs.5-9 It 
therefore seems justified to assume that ROCs are also 
involved in the dilator activity of CAs, in particular with 
respect to their application in the treatment of hyperten- 
sion, when resistance vessels are the main target of CAs. 

With respect to the interaction of CAs with vascular 
autoreceptors, in particular, adrenoceptors of the a-type 
appear to be involved. Recently, evidence has been ob- 
tained that angiotensin II receptors may also play a mod- 
erate role in the triggering of ROCs in vascular smooth 
muscle. 


Te concept of drug-induced calcium antagonism 
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The interaction between CAs and vasoconstriction, 
triggered by the stimulation of vascular a adrenoceptors 
has been the subject of intensive research since the begin- 
ning of the 1980s. This research was stimulated by the 
initial finding by our group!’ that the vasoconstriction 
caused by selective a2-adrenoceptor agonists in the pithed 
rat preparation is strongly depressed by various CAs, 
whereas that induced by selective a agonists is not (Fig. 
1). The susceptibility of c»-adrenoceptor-mediated vaso- 
constriction to CAs appears to be a general phenomenon, 
which could be readily demonstrated for a variety of a2- 
adrenoceptor agonists and CAs in several animal species, 
as well as in humans.!!-'? The major body of evidence for 
this concept has been obtained in vivo, but it can also be 
demonstrated under particular conditions in vitro. Inter- 
pretation of these experimental findings is shown in Fig- 
ure 2, thus demonstrating the assumption that the stimu- 
lation of the vascular postsynaptic a2 adrenoceptor by an 
appropriate agonist triggers the influx of extracellular 
calcium. This influx is blocked by CAs, but CAs do not 
interfere with the formation of the a>-agonist /receptor 
complex. Impairment of the calcium influx by CAs leads 
to a less effective stimulation of the contractile proteins 
and thus contributes to CA-induced vasodilatation. The 
a -receptor-triggered vasoconstriction is not necessarily 
insensitive to treatment with CAs. In certain vessels and 
for certain a;-adrenoceptor agonists, a significant depres- 
sant effect on vasoconstriction can be shown for various 
CAs.'4-!6 In addition, the sensitivity for CAs can be 
strongly enhanced by pretreatment with very low doses of 
phenoxybenzamine."” Accordingly, depending on the 
species, type of blood vessels and a; agonist used, the 
excitation of a, adrenoceptors appears to involve both an 
intracellular release of calcium ions, mediated through 
the phosphatidylinositol system, and the transmembran- 
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ous influx of extracellular calcium ions (Fig. 2). The ratio 
between intracellular and transmembranous events is 
strongly dependent on the type of agonist and the prepa- 
ration studied. 

In conclusion, both types of œ adrenoceptors (a;/ 2) 
at postsynaptic sites, when stimulated with an agonist, are 
essential for the initiation of vascular smooth muscle con- 
traction. In this connection it should be realized that 
circulating catecholamines (noradrenaline, adrenaline) 
are also a; + a2-adrenoceptor agonists. CAs may Owe a 
relevant portion of their vasodilator activity to the sup- 
pression of the influx of extracellular calcium, triggered 
by a-adrenoceptor stimulation. 

The involvement of angiotensin II receptors in trigger- 
ing ROCs is only based on circumstantial evidence. Vari- 
ous studies in animal models, both in vitro and in vivo, 
have shown that the vasoconstriction induced by angio- 
tensin II is blunted by CAs, although complete suppres- 
sion is usually not achieved.!8-23 The calcium sensitivity 
of the angiotensin II vasoconstriction depends largely on 
the type of blood vessel and the animal species used. 
Angiotensin II-induced vasoconstriction in rat aorta 
proved as sensitive to CAs as constriction triggered by kr 
depolarization,”’ thus suggesting that both ROCs and 
POCs are involved. Electrophysiologic evidence for the 
involvement of ROCs is lacking so far, but the data dis- 
cussed strongly suggest a certain role of angiotensin IH 
receptors in triggering the influx of extracellular calcium 
ions through ROCs in vascular smooth muscle (Fig. 2). 

Role of the endothelium and endothelial 
relaxing factor: Most experimental findings obtained so 
far strongly suggest that the endothelium and endotheli- 
um-dependent relaxing factor do not play an important 
role in the vascular relaxation caused by CAs. The release 
process of endothelial-dependent relaxing factor from the 





endothelium is calcium-dependent.2425 This process ap- 
pears not to be impaired by various CAs.2627 Further- 
more, the presence or absence of endothelium does not 
influence the relaxant action of CAs on potassium-con- 
tracted isolated blood vessels.27-29 


HEMODYNAMIC PROFILE OF 
CALCIUM ANTAGONISTS 

Overall hemodynamic effects: Hemodynamic 
changes caused by the administration of CAs have been 
the subject of numerous communications in published 
reports. As expected, a complex pattern has emerged and 
it is useful to realize that the hemodynamic profile of CAs 
is far from uniform and appears to depend on the type of 
CAs, and whether CAs are applied acutely or in long- 
term treatment. 

With respect to the differences between the various 
types of CAs, when they are applied in vivo (in particular 
the dihydropyridines nifedipine, nitrendipine, amlodi- 
pine, and so forth) they display a predominant vascular 
effect, any cardiac effects observed being secondary to 
vasodilatation. Other types of CAs, e.g., verapamil, diltia- 
zem and related compounds, also induce vasodilatation, 
but in addition cause primary cardiac effects such as 
reduction in heart rate and in atrioventricular conduc- 
tion. The overall profile of acute hemodynamic changes, 
caused by intravenously administered CAs may be sum- 
marized as follows29: 

l. Acute administration of dihydropyridine CAs 
causes a rapid reduction of peripheral vascular resistance, 
which adequately explains the hypotensive response. In 
therapeutic doses, the dihydropyridines and other CAs do 
not primarily influence the venous vascular tone, al- 
though in vitro weak effects can be shown. The reduction 
in peripheral vascular resistance and the hypotensive re- 
sponse trigger, by way of the baroreceptor reflex system, 
a transient increase in sympathetic activity with a con- 
comitant increase in cardiac frequency and output. 

2. With respect to the vasodilator response, verapamil 
and diltiazem cause similar effects as the dihydropyri- 
dines, i.e., a reduction in vascular resistance and blood 
pressure. However, direct cardiac activities of these CAs 
(and related drugs) will prevent an increase in heart rate 
and cardiac output despite sympathetic stimulation. 

On long-term treatment with dihydropyridine CAs, 
the following usual hemodynamic pattern emerges in the 
management of hypertension or angina pectoris: 

l. A reduction in peripheral vascular resistance readi- 
ly explains a decrease in blood pressure, which persists 
throughout the continuation of treatment. After an initial 
reflex increase in heart rate, as previously discussed, the 
baroreceptor system adapts to the prevailing level of pres- 
sure and cardiac frequency, and cardiac output will re- 
turn to and be maintained approximately at pretreatment 
values. In contrast to the dihydropyridines, even a modest 
reduction in heart rate is observed in response to treat- 
ment with verapamil and diltiazem.? This bradycardiac 
effect is explained by the direct cardiac activities of these 
types of CAs, whereas they may also modulate to a small 
extent the baroreceptor reflex mechanism. 
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2. As to be discussed in a subsequent paragraph, the 
long-term antihypertensive action of CAs is not counter- 
acted by fluid retention, although this should be expected 
to occur because of the vasodilator activity of the drugs. 
This lack of fluid retention is not the result of renal 
vasodilatation, but should be attributed to a mild natri- 
uretic effect of CAs initiated at the tubular level. The 
hemodynamic pattern as previously summarized has 
been established not only in experimental animals and in 
healthy human subjects, but also in hypertensive animals 
and in patients with essential hypertension or coronary 
heart disease. For extensive review on this subject see 
Struyker Boudier et al.° 

Regional hemodynamic effects: The peripheral vaso- 
dilator effect of CAs (see before) is not homogeneously 
distributed over all vascular beds. The vasodilator action 
is most obvious in the coronary arterial circulation and in 
skeletal muscle, and somewhat less in the gastrointesti- 
nal, renal and cerebral vascular beds. The vasculature in 
the skin is hardly affected.9 

Coronary vascular bed: The marked dilator effect of 
various CAs is demonstrable both in in vitro preparations 
and in vivo,” and it has also been confirmed in patients 
undergoing cardiac catheterization, both at rest and dur- 
ing exercise.*°3! CAs usually dilate both large and small 
(resistance) vessels of the coronary arterial system.3? An 
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A SYMPOSIUM: PHARMACOLOGY AND THERAPEUTIC 


interaction with neuropeptide Y or with the various neur- 
opeptides involved in co-transmission in autonomic syn- 
apses has been proposed as a possible explanation for the 
specificity of the coronary circulation for CAs.? The re- 
laxing effect of CAs on coronary spasm is well document- 
ed, both in patients and in animal models.3334 This effect 
is highly relevant in the treatment of angina, in particular 
in Prinzmetal’s and in unstable angina, but probably also 
beneficial in patients with stable angina. 

Renal vascular bed: In vivo CAs usually cause a mod- 
est degree of renal vasodilatation that follows the de- 
crease in blood pressure. Accordingly, reduction of resis- 
tance in this vascular bed is at least partly explained by an 
autoregulatory response to the decrease in blood pres- 
sure.”35 The modest natriuretic effect of CAs, which 
explains why these vasodilators do not cause fluid reten- 
tion, is not secondary to vasodilatation but the result of a 
direct tubular effect of the CAs. This effect is a favor- 
able aspect of the application of CAs in the management 
of hypertension. 

Central vascular bed: Despite the powerful autoregu- 
lation of the cerebral circulation, some CAs, in particular 


nimodipine, have been described to cause an increase in 
flow additional to that associated with the decrease in 
systemic blood pressure.3™-3 However, the specificity of 
nimodipine for the cerebral vascular bed has been con- 
tested. Claims have been made for the beneficial effect of 
nimodipine on the mortality and neurologic sequelae of 
subarachnoidal hemorrhage,*? which have been attribut- 
ed to the relief of spasm in the cerebral vessels associated 
with this deleterious condition. 

Microcirculation: Only recently have certain tech- 
niques been introduced that have allowed investigation of 
the microcirculation and the influence of drugs. In a few 
preparations nimodipine and verapamil have been stud- 
ied and have been shown to cause vasodilatation at the 
level of the microcirculation.?“!? The influence of CAs 
on the microcirculation, although a highly relevant topic, 
has only been studied on a very modest scale as a result of 
methodologic difficulties. This subject certainly requires 
further intensive investigations. 


INFLUENCE OF CALCIUM 
ANTAGONISTS ON MYOCARDIAL 
AND VASCULAR HYPERTROPHY 

Essential hypertension is known to be associated with 
the development of myocardial hypertrophy, in particular 
left ventricular hypertrophy, which is not necessarily re- 
lated only to elevated blood pressure. Simultaneously, 
vascular hypertrophy develops, which is probably an im- 
portant factor in the maintenance of the elevated periph- 
eral vascular resistance and thus of hypertension as such. 

Several investigators have shown that CAs of various 
types can reduce cardiac hypertrophy in hypertensive 
rats43-45 and this effect can be dissociated from the hemo- 
dynamic actions of CAs.‘ In a few studies, regression of 
left ventricular hypertrophy by CA treatment has been 
demonstrated in hypertensive humans.*’ 

With respect to vascular hypertrophy, which is much 
more difficult to measure, conflicting results have been 
reported for the influence of CAs. A few workers have 
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shown significant regression of vascular hypertrophy,** 
whereas others have not observed any influence.” This 
matter deserves further attention because of the patho- 
physiologic importance of vascular hypertrophy in the 
long-term development of hypertensive disease. 


ANTIATHEROGENIC ACTIVITY 
OF CALCIUM ANTAGONISTS 

Various types of CAs (verapamil, nifedipine, diltia- 
zem) have been shown to be capable of reducing the 
progression of atherogenic lesions in experimentally in- 
duced atherosclerosis in animal models, without altering 
either plasma cholesterol or lipoprotein levels.50-52 Al- 
though several conflicting results have been published, it 
is generally accepted that high doses of the aforemen- 
tioned CAs can inhibit the progression of atherosclerosis 
in the model of the cholesterol-fed rabbit.°? The mecha- 
nism of this effect remains unknown in detail and it is not 
necessarily mediated by calcium entry blockade. Several 
mechanisms involving regulation of lipoprotein receptor 
synthesis, lipoprotein uptake or degradation, cholesterol 
ester hydrolytic activity and arterial matrix synthesis are 
discussed as potential sites of the antiatherogenic activity 
of CAs. The novel dihydropyridine CA isradipine (PN 
200-110) clearly is a more potent antiatherogenic com- 
pound, at least in animal models, than other CAs so far 
investigated. Human studies on the atherogenic devel- 
opment and the influence of CAs, although notoriously 
difficult to design and to conduct, are being per- 
formed.>*°> 


CONCLUSIONS 

The vasodilator activity of CAs so far developed is 
now fully recognized as an important mechanism, which 
greatly contributes to the therapeutic potency of these 
drugs. At a cellular level a better understanding of the 
interaction of CAs with various types of calcium channels 
has not only deepened our insight into the mechanism of 
CA-induced vasodilatation, but also fundamentally im- 
proved our knowledge of calcium metabolism in vascular 
smooth muscle. 

The hemodynamic pattern of CAs, which is now 
known in detail, is rather unique, with its specific dilator 
effects on resistance vessels and on coronary circulation, 
while the weak natriuretic effect counteracts the tenden- 
cy to fluid retention that is characteristic for virtually all 
potent vasodilators. This particular hemodynamic profile 
is a favorable basis for the application of CAs as antihy- 
pertensive and antianginal agents. Apart from the hemo- 
dynamic characteristics, a few other properties of CAs 
are of potential interest. Their possible influence on myo- 
cardial and vascular hypertrophy and atherogenesis de- 
serve further attention as potentially favorable ancillary 
properties in the long-term treatment of hypertension. 

Reduction of elevated blood pressure as such, is prob- 
ably not sufficient to fully protect hypertensive patients 
against coronary events, as concluded from several large- 
scale trials on antihypertensive treatment.°° 5” For this 
reason additional protective measures are mandatory, 
and CAs are interesting drugs for further investigation in 
this context. 
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Effects of Amlodipine on Renal Hemodynamics 
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calcium antagonists exhibit consistent actions per- 
mitting characterization of their renal effects. Cal- 
cium antagonists do not affect the vasodilated iso- 
lated perfused kidney, but they do dramatically al- 


agents. This study examined the effects of the nov- 
el dihydropyridine amlodipine on the hemodynamic 
of the isolated perfused kidney to angio- 
tensin Il. Amlodipine completely reversed the an- 
giotensin ll-induced decrement in glomerular filtra- 
tion rate of this model (0.72 + 0.15, 0.26 + 0.10 
and 0.73 + 0.12 mi/min/g for control, angiotensin 
il and angiotensin Il plus 0.1 „M amlodipine, re- 
spectively). In contrast, amlodipine only partially 
te flow (35.8 + 2.7, 14.7 + 
1.9 and 23.7 + 2.5 mi/min/g for control, angioten- 
sin Il and angiotensin Il plus amlodipine), thereby 
increasing filtration fraction. These findings are 
consistent with previous observations from this lab- 
oratory indicating that dihydropyridines predomi- 
nantly vasodilate preglomerular renal resistance 
vessels and through this mechanism exert a prefer- 
ential augmentation of lar filtration rate. 
(Am J Cardiol 1989;64:122 1-128 I) 
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s detailed elsewhere in this symposium, the 
Az 2 decades have witnessed the introduction to 
medicine of calcium antagonists and their appli- 
cation to the management of symptomatic coronary ar- 
tery disease, as well as their blood pressure-reducing 
effects. During the past several years, there has been an 
increasing awareness that this class of drugs may exert 
beneficial effects on an additional target organ, i.e., the 
kidney.'? 
As we have detailed in recent reviews,!~> the diver- 
gent effects of calcium antagonists on renal hemodynam- 
ics are attributable to a number of factors, including 
the underlying level of renal vasoconstriction. Further- 
more, because calcium antagonists interfere with excita- 
tion-contraction coupling of vascular smooth muscle by 
blocking specific Ca*? channels, and because the recruit- 
ment of calcium antagonist sensitive Ca*? channels may 
differ with different vasoconstrictors, the renal hemody- 
namic response to calcium antagonists may vary, depend- 
ing on the prevailing factors determining renal vascular 
tone.!~? 

Collectively, these considerations emphasize the ne- 
cessity for evaluating the effects of calcium antagonists 
under conditions in which the factors influencing renal 
vascular resistance are carefully defined and controlled. 
As detailed elsewhere,*> the isolated perfused rat kidney 
offers distinct experimental advantages for such studies. 
First, renal perfusion pressure may be maintained con- 
stant, thus eliminating the reflex and autoregulatory re- 
sponses to the hypotensive actions of calcium antagonists 
that occur in situ. Second, the influence of other extra- 
renal factors such as volume status, the level of vasoactive 
hormones, renal neural stimulation and anesthetic agents 
can be eliminated by using the extracorporeally perfused 
kidney. Finally, using this model, it is possible to evaluate 
accurately the modulation by calcium antagonists of the 
renal vasoconstriction elicited by different types of vaso- 
constrictor stimuli. 

In the present study, we evaluated the effects of the 
novel dihydropyridine amlodipine on the isolated per- 
fused kidneys during angiotensin II-induced renal vaso- 
constriction. 





METHODS 

Adult male Sprague-Dawley rats were used as kidney 
donors. After anesthesia with 5-sec-butyl-5-ethyl-thio- 
barbituric acid (Inactin, 10 mg/kg body weight), the 
right kidney was cannulated and initially perfused in situ 
by introducing the cannula through the superior mesen- 
teric artery. The perfused kidney was excised and placed 
in a recirculating perfusion apparatus, designed to pro- 
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vide warmed (37°C), oxygenated medium at a constant 
pressure.*» Perfusion pressure was derived from the in- 
flow of 95% O, and 5% CO) into a sealed reservoir, and 
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(RPF) and GFR were followed during the ensuing 40 
minutes of in vitro perfusion. 

In the presentation of the data, standard error of the 
mean was used as an index of dispersion. Data were 


VA indicated significant differences, then the Student ¢ 
test was applied to test for differences between means. 


mM KCI. In contrast to the rapid vasodilation induced by 
nifedipine in this setting, amlodipine produced a slowly 
developing vasodilation. Figure 2 summarizes data from 


30 mM KC] decreased RPF by 47 + 4%, from 32 + 2 to 
17 +2 ml/min/g, p <0.001). Amlodipine (0.1 uM, t = 
0) increased RPF significantly after 10 minutes, but re- 


were attained at 0.1 uM amlodipine. 

Effects of amlodipine on angiotensin ll-induced va- 
Soconstriction in the isolated Perfused kidney: Figure 3 
summarizes the effects of angiotensin II and amlodipine 
on GFR, RPF and filtration fraction of isolated perfused 
kidneys. Data obtained from 2 separate studies in which 
amlodipine was administered at 0.1 and 1.0 uM are sum- 
marized in this figure. The administration of angiotensin 
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FIGURE 3. Effects of angiotensin Il (0.3 nM) and amlodipine 
(0.1 „M, open circles n = 6; 1.0 nM, closed circles n = 6) on 
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4 t ; t minstration of nifedipine (0.1 and 
Nifedipine 1.0 „M, arrows) caused no 
increase in renal perfusate flow, in- 


Il (0.3 nM) produced an identical hemodynamic re- 
sponse in these 3 studies. Accordingly, angiotensin I 
decreased RPF from 35.8 + 2.7 to 14.7 + 1.9 ml/min/g 
and from 31.4 + 2.4 to 11.9 + 2.4 ml/min/g, P <0.001, 
and reduced GFR from 0.72 + 0.15 to 0.26 + 0.10 ml/ 
min/g and from 0.57 + 0.11 to 0.22 + 0.10 ml/min/g, P 
<(0.001, respectively. Because the effects of angiotensin 
I] on GFR and RPF were of similar magnitude, filtration 
fraction was unchanged by the administration of this 
agent (p >0.40). 

At 0.1 and 1.0 uM, amlodipine completely reversed 
the angiotensin II-induced decrement in GER. The time 
course for the vasodilatory effects of amlodipine was 
somewhat slower than that observed for other dihydro- 
pyridines in this model. However, a complete reversal 
of the angiotensin II-induced decrement in GFR was 
observed within 30 minutes after the administration of 
amlodipine. Thus, 0.1 uM amlodipine increased GFR 
from 0.26 + 0.10 to 0.73 + 0.12 ml/min/g (P <0.01). 
Similarly, 1.0 „M amlodipine increased GFR from 0.22 
+ 0.10 to 0.63 + 0.16 ml/min/g (P <0.01). 

In contrast to its effects on GFR, amlodipine only 
partially reversed the decrement in RPE induced by an- 
giotensin Il. Thus, at 0.1 and 1.0 uM, amlodipine in- 
creased RPF from 14.7 + 1.9 to 23.7 + 2.5 ml/min/g (P 
<0.005) and from 11.9 + 3 4 to 19.0 + 3.9 ml/min/g (p 
<0.025), respectively. This predominant effect of amlodi- 
pine on GFR was reflected by a concomitant increase in 
filtration fraction. As a consequence of the high perfusate 
flow rate, the filtration fraction of the isolated perfused 
kidney is characteristically low.” Nevertheless, in the 
presence of angiotensin Il, amlodipine increased filtration 
fraction from 1.82 + 0.72 to 3.35 + 0.64 (p >0.10) and 
from 2.15 + 0.55 to 3.39 + 0.41 (p <0.025) at 0.1 and 1.0 
uM, respectively. 

In 4 additional studies, angiotensin II alone produced 
a similar initial decrement in RPF (from 39 + 2 to 19+5 
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FIGURE 4. Lack of effect of amlodipine 
(0.1 4M) on glomerular filtration rate (top) 
and renal perfusate flow (bottom) in un- 
manipulated (i.e., control) kidneys. Mean 
+ standard error of the mean, n = 4. 
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ml/min/g, p <0.025) and GFR (from 0.39 + 0.04 to 0.18 
+ 0.05 ml/min/g, p <0.05). When left untreated, the 
decrement of RPF persisted, remaining at 20 + 4 ml/ 
min/g after 50 minutes. GFR tended to increase (to 0.27 
+ 0.04 ml/min/g, p >0.20), but remained below the 
preangiotensin II level (p <0.05). Similarly, in additional 
Studies, we observed that in the absence of angiotensin II, 
amlodipine had no effect on RPF , GER or filtration frac- 
tion (n = 4, p >0.40). Thus, RPF and GFR were 27+2 
and 0.55 + 0.11 ml/min /&, respectively, before the addi- 
tion of amlodipine, and 28 + 2 m] /min/g and 0.53 + 0.03 
ml/min/g, respectively, after 40 minutes treatment with 
0.1 uM amlodipine (Fig. 4). 

Calcium antagonists and the renal microcirculation: 
We have previously reported that calcium antagonists 
exert a preferential augmentation of GFR during vaso- 
constriction elicited by angiotensin [I!3 and norepineph- 
rine.*’ We have proposed that the ability of calcium 
antagonists to augment GFR and filtration fraction in 
such settings reflects a preferential effect on preglomeru- 
lar vasoconstriction.!-3.67 This formulation, originally 
derived from observations on the isolated perfused kid- 
ney,°* has recently been confirmed by direct in vitro?-!! 
and in vivo!2!3 observations of renal microvessels. The 
results of the present study extend these observations and 
suggest that the novel dihydropyridine amlodipine acts in 
a similar manner on the renal microcirculation. 

The predominant influence of calcium antagonists on 
GFR suggests that they antagonize the afferent arteriolar 
effects of agonists such as angiotensin II at the level of the 
afferent arteriole. Our laboratory has recently developed 
a model that facilitates direct observations of the renal 
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microvasculature under defined in vitro conditions, the 
isolated perfused hydronephrotic kidney.'4 This approach 
is a modification of the model pioneered by Steinhausen 
et al!’ to observe the renal microcirculation directly. Hy- 
dronephrotic kidneys are obtained 8 to 10 weeks after 
unilateral ureteral ligation and perfused in vitro on an 
inverted microscope. Ina preliminary report, we observed 
that angiotensin II elicits a vasoconstriction of both affer- 
ent and efferent arterioles in this model and that diltia- 
zem abolishes the afferent but not efferent response to 
angiotensin II.’ Recently, Carmines and Navar!! ob- 
served that diltiazem and verapamil selectively attenuate 
afferent arteriolar vasoconstriction in the blood-perfused 
juxtamedullary nephron. In this model, calcium antago- 
nists neither prevented nor reversed angiotensin I]-in- 
duced efferent arteriolar vasoconstriction. 

Additional studies using the hydronephrotic kidney 
model indicate that calcium antagonists reverse afferent 
arteriolar vasoconstriction in a variety of other set- 
tings.*.!.16-18 OF particular interest is the response ob- 
served during thromboxane A>2-induced renal vasocon- 
striction. Thromboxane A2 has been implicated as a me- 
diator of renal dysfunction in a number of clinical 
Settings, including cyclosporine nephrotoxicity,! post- 
graft renal insufficiency, acute renal failure?! and neph- 
rotoxic serum nephritis.22 We have recently demon- 
strated that the thromboxane A2 mimetic U44069 reduc- 
es GFR of the isolated perfused kidney by a predominant 
action on preglomerular vessels.3:!8,23 Nifedipine? and dil- 
tiazem'8?3 restore GFR and dilate the afferent arteriole 
in the presence of U44069-induced vasoconstriction in 
our models. As detailed later, these observations suggest 
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in which renal hemodynamics are compromised. An im- 
portant example is the prophylactic administration of 
calcium antagonists to donor kidneys in order to amelio- 
rate post-transplantation renal insufficiency. Several re- 


TABLE I Potential Future Applications of Calcium 
Antagonists in Clinical Medicine 






Amelioration of renal insufficiency from 


eee T oiia i cent reports confirm such a formulation. Thus, in a recent 
. . . 32 . . iy 
Chemotherapy clinical trial, Wagner et al reported that diltiazem pre 


treatment significantly improved postgraft function of 
cadaver kidneys. Dawidson and Rooth?? confirmed and 
extended these observations using 2 additional calcium 
antagonists, isradipine and verapamil. 
Although the clinical implications of the observations 
. Fr A ay previously discussed are not yet established, the results of 
the potential use of calcium antagonists in the clinical preliminary studies in experimental animal models are 
setting associated with deranged renal hemodynamics. promising. Prospective randomized studies are required 
Possible future application for calcium antagonists to ascertain if these promising experimental observations 
in renal disease: With the pharmacologic effects of the can be extended to selected clinical settings in the hope of 
calcium antagonists on renal hemodynamics In mind, itis ameliorating the development of renal dysfunction. 
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PANEL DISCUSSION 


Dr. Bell (New York, New York): You mentioned that 
the drug application potential seemed to be mostly in 
ischemic kidney pathologies. I know there was a recently 
published paper looking at calcium channel blockade and 
an angiotensin-converting enzyme (ACE) inhibitor in a 
diabetic kidney. This seemed to show that there was cer- 
tainly an advantage with ACE inhibitors relative to calci- 
um channel blockers, 

Dr. Epstein (Miami, Florida): Although ACE inhibi- 
tors have been advocated as being advantageous in pa- 





tients with diabetic nephropathy, the role of calcium an- 
tagonists in this setting remains to be established. In 
contrast to recent observations with ACE inhibitors, 
there are relatively few studies on the effects of calcium 
antagonists in experimental diabetic nephropathy, and 
the results have been inconsistent with investigors report- 
ing both an advantage for ACE inhibitors or no differ- 
ence. 

Dr. Bell: Do you see any potential of calcium channel 
blockers in the diabetic kidney? 

Dr. Epstein: Recently, the Melbourne Diabetic Ne- 
phropathy Study Group has reported their preliminary 
results of a prospective, randomized study comparing the 
effects of the ACE inhibitor perindopril vs the calcium 
antagonist nifedipine on blood pressure and microalbu- 
minuria in normotensive and hypertensive diabetic pa- 
tients. Hypertensive and normotensive subjects were 
Stratified separately and randomized to receive either 
perindopril or nifedipine. After 3 months of therapy, they 
observed that both drug regimens reduced blood pressure 
and decreased albuminuria equally in both normotensive 
and hypertensive subjects. They concluded that reduction 
of blood pressure decreased albuminuria without an ad- 
vantage for ACE inhibition. 

Dr. Millard (Cincinnati, Ohio): | presented some flow 
Studies this morning. Is the fact that I showed a transient 
decrease in renal blood flow of concern? 

Dr. Epstein: I don’t think so. It is transient, and I think 
the conclusion was that it probably was due to a neuro- 
genic reflex. Do you see the transient renal blood flow 
response with all calcium antagonists? 

Dr. Millard: Not all. We have not studied all of them, 
but several dihydropyridines have been reported to have 
that transient effect. 

Dr. Van Zwieten (Amsterdam, The Netherlands): 
Have you made any quantitative comparisons in your 
model between the various types of calcium antagonists? 

Dr. Epstein: We have experience with nifedipine, ni- 
trendipine and diltiazem. We have not done any studies 
with verapamil. We are Starting studies of the renal he- 
modynamic effects with amlodipine, and to date it seems 
to be a class effect. 

Dr. Vanhoutte (Rochester, Minnesota): What about 
renin release? You didn’t have an interruption there. Are 
there any data? 

Dr. Epstein: Yes. There is a wide body of evidence and 
the results are ostensibly discrepant, indicating that calci- 
um antagonists can either increase, have no effect on, or 
actually decrease the renin secretory rate and/or plasma 
renin. Since Ca?+ is affected by Ca?* influx, mobiliza- 
tion, efflux and sequestration pathways, first messengers 
can alter JG cell Ca2+ and thereby alter renin secretion 
by a variety of mechanisms. In vivo, calcium antagonists 
frequently stimulate renin secretion presumably by 
blocking the inhibitory effect of the prevailing perfusion 
pressure. Nevertheless, the absence of an effect or even 
inhibitory effects are also found, suggesting that other 
renal and circulatory effects of these drugs (e.g., possibly 


their natriuretic effect) may mask or counteract the stim- _ 
se 


ulatory effect. 
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Dr. Van Zwieten: This stimulation of renin release 
can be a reflex effect via the sympathetic system. Is the 
response a direct effect, which you would rather expect, 
or an effect through the sympathetic system or whatever? 

Dr. Epstein: It has been demonstrated in vitro indicat- 
ing that, in part, it is a direct effect. 

Dr. Vanhoutte: You may or may not know, but we 
believe that endothelial-dependent relaxing factor can 
inhibit renin release. 

Dr. Van Zwieten: Well that’s a solution to everything. 

Dr. Davey (Sandwich, England): I have taken that it 
may well be the release of atrial natriuretic peptide that 
was correcting this effect. You were getting a release of 
renin, but at the same time, because you didn’t dilate the 
veins, you were getting distension of the right atrium. It 
was distension that was responsible for the natriuretic 
effect. I took the increase in renin as showing that you are 
still getting some reflex activation. 

Dr. Godfraind (Brussels, Belgium): When you men- 
tioned the interest in organ preservation prior to trans- 
plantation, did you mean that there is a direct cytoprotec- 
tive effect on the cells or it is due to the effect on arteries? 

Dr. Epstein: That is not fully established. The major 
body of evidence indicates that dilation of the afferent 
arteriole accounts for the acute renal protection conferred 
by calcium antagonists in patients with acute renal failure 
after cadaveric renal transplantation. It should be noted, 


however, that in the setting of chronic renal disease, a 


number of other mechanisms come into play. Studies 
have been carried out with a remnant kidney model with 
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chronic verapamil administration. Recently, a number of 
investigators have extended these studies utilizing nisoldi- 
pine and felodipine. In brief, most of the observations 
suggest that calcium antagonists are protective against 
the inexorable deterioration of renal function that occurs 
when renal mass is reduced. We have detailed in a recent 
review the mechanisms mediating these protective effects 
which are multiple and may include effects on the renal 
microvasculature, a diminution of the enhanced metabol- 
ic activity of remnant kidneys, and amelioration of neph- 
rocalcinosis. Finally, certain calcium antagonists possibly 
interfere with pressure-induced afferent arteriolar vaso- 
constriction, implying that they block dihydropyridine 
sensitive calcium channels that are activated by an in- 
crease in transmural pressure. 

Dr. Nayler (Victoria, Australia): I can’t answer that 
for the renal transplant story, but for the cyclosporin- 
induced toxicity, we, in a small study buried in a journal, 
showed that the protective effect was paralleled by de- 
creased calcium deposition. So for cyclosporin toxicity, 
the answer is a cellular protection; that was in the kidney, 
of course. 

Dr. Paoletti (Milan, Italy): I think I know that there is 
very good correlation between the calcium deposition and 
cyclosporin toxicity. 

Dr. Varrone (New York, New York): Have you evalu- 
ated the afferent hemodynamic effects of amlodipine? 

Dr. Epstein: In the specific setting with endothelin, we 
got a preferential vasoconstriction, and that effect was 
reversed with amlodipine. 








Effects of Calcium Antagonists on 
Lipids and Atherosclerosis 


Franco Bernini, PhD, Alberico L. Catapano, PhD, Alberto Corsini, PhD, 
Remo Fumagalli, MD, and Rodolfo Paoletti, MD 


The arterial accumulation of cholesterol and calci- 


um is a hallmark of atherosclerosis. Calcium antag- 
onists (CAs) lessen the severity of experimentally 
induced atherosclerosis in cholesterol-fed animals. 
The reduction of aortic cholesterol is one of the 
most striking findings. This effect is achieved with- 
out a reduction of plasma lipid or blood pressure, 
and is probably related to an interference of CAs 
with lipid metabolism in the arterial wall. To what 
extent these properties of CAs are due to their abil- 
ity to block calcium channels still remains to be ad- 
dressed. 

This report briefly discusses the available in vivo 
and in vitro evidence for the antiatherosclerotic 
properties of CAs, and outlines the possible mecha- 
nisms by which these compounds affect cellular lip- 


-id metabolism. 
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wall area hallmark of atherosclerotic lesions.! Ear- 

ly experiments aimed at addressing the question 
of whether compounds that interfere with Cat fluxes 
would result in a reduction of experimentally induced 
atherosclerotic lesions showed that calcium-chelating 
agents and lanthanum, an inorganic calcium antagonist 
(CA), effectively reduced the formation of atherosclerot- 
ic plaques. These findings prompted use of organic CAs 
as possible antiatherosclerotic agents.! 

Several processes are involved in the formation of 
atherosclerotic plaques—cholesterol deposition, cellular 
proliferation and migration, cellular increased matrix 
and calcium overloading. All the processes are affected 
by CAs. This report briefly discusses the action of these 
drugs on aortic lipid accumulation in experimentally in- 
duced atherosclerosis and discusses the biochemical and 
cellular basis of this effect. 


(Cat and cholesterol deposition in the arterial 


IN VIVO STUDIES 

CAs reduce the severity of experimental atherosclero- 
sis in cholesterol-fed animals without affecting plasma 
lipids. This observation prompted studies on the mecha- 
nism of action for this class of drugs as possible antiath- 
erosclerotic agents. 

Many investigators have shown that CAs of the dihy- 
dropyridine class reduce the extension of atherosclerotic 
lesions induced in rabbits by feeding them a cholesterol- 
rich diet (Table I).2-!° Recently, nifedipine was also 
shown to reduce atherosclerosis in the carotid artery of 
cholesterol-fed rhesus monkeys.!! 

Studies with phenylalkylamine CAs, such as verapa- 
mil, also indicate an antiatherosclerotic activity of this 
class of CA (Table I).'2-!4 Evidence for protection 
against atherosclerotic lesions has been reported for dilti- 
azem and flunarizine (Table I).!>-!’ 

Some workers have reported a failure of CAs as an- 
tiatherosclerotic agents (Table I).!8-25 These results may 
be explained by at least 2 factors: First, in some studies 
the induction of atherosclerotic lesions was mild and 
probably insufficient for detecting a protective effect of 
CAs: second, plasma concentrations of the drugs were not 
determined in most studies, so it is therefore possible that 
active concentrations of the drugs were not achieved. 

A major point in evaluating the potential antiathero- 
sclerotic properties of CAs is the determination of plasma 
or tissue concentrations, or both, of the molecule under 
investigation. Blumlein and co-workers! pointed out that 
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TABLE I Summary of In Vivo Studies on Antiatherosclerotic Effect of CA++ Antagonists in Rabbits 


% Reduction of 
Aortic Surface 
Covered by 





Catt Animal 
Antagonist Model 


Class 


Dihydropyridines 
Nifedipine 
Nifedipine 
Nifedipine 
Nifedipine 
Nifedipine 
Nifedipine 
Nifedipine 
Nifedipine 
Nicardipine 
Nicardipine 
Isradipine 
Isradipine 
Nisoldipine 
Nivaldipine 


Flordipine 


Phenylalkylamines 
Verapamil 
Verapamil 


(rabbit) 


Chol-fed 
Chol-fed 
Chol-fed 
Chol-fed 
Chol-fed 
Chol-fed 
Watanabe 
Watanabe 
Chol-fed 
Chol-fed 
Chol-fed 
Chol-fed 
Chol-fed 


Cuff-induced 
intimal thickening 


Chol-fed 


Chol-fed 
Chol-fed 


Plaques Reference 


64% 
48% 
59% 
52% 
No effect 
No effect 
No effect 
No effect 
49% 
No effect 


(not stated) 


31% 
35% 


66% 
No effect 


>50% 
47% 


No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
No effect 
} VLDL 

No effect 
No effect 
No effect 
No effect 


No effect 
No effect 


No effect 
No effect 


Verapamil Chol-fed No effect Increase total 


Verapamil Watanabe 
Anipamil Chol-fed 


Diltiazem Chol-fed 
Diltiazem Chol-fed 


Flunarizine Chol-fed 
Flunarizine Chol-fed 


chol 


No effect No effect 


28% No effect 
37% No effect 


>80% } VLDL and 


LDL (50%) 


34% No effect 
30% No effect 


CA++ = calcium ion; chol = cholesterol; LDL = low-density lipoprotein; VLDL = very low density lipoprotein. 


verapamil effectively reduces the atherosclerotic lesions 
only in rabbits with detectable plasma levels of the drug, 
but not in animals in which plasma concentrations of the 
drug were negligible. 

The mechanism by which CAs exert their antiather- 
osclerotic activity are not elucidated. One of the early 
stages in the pathogenesis of the atherosclerotic lesions is 
the accumulation of cholesterol in the arterial wall. CAs 
effectively reduce aortic cholesterol (Table I). This effect 
is not mediated by a reduction of plasma lipid concentra- 
tions (Table I), thus suggesting that CAs do not have a 
major impact on the whole-body lipoprotein catabolism. 
However, several studies using cultured cells indicate that 
these drugs modify cellular lipid metabolism in the arteri- 
al wall. This effect apparently involves both cholesterol 
delivery to the cells, by affecting the receptor-mediated 
catabolism of lipoproteins, and the intracellular cycle of 
cholesterol. 


IN VITRO STUDIES 

Stein et al? demonstrated that verapamil up-regu- 
lates the expression of low-density lipoprotein (LDL) re- 
ceptors, thus increasing binding and internalization of 
LDL in cultured fibroblasts, arterial smooth muscle cells 


130 I THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 





and endothelial cells. In our laboratory, we showed that 
among CAs, only verapamil-like compounds and diltia- 
zem are effective on these cellular functions. This stimu- 
latory effect involves a de novo synthesis of LDL recep- 
tors.2°-28 Nifedipine-like compounds and flunarizine, 
however, are inactive.”’ The effect of CAs on LDL degra- 
dation is multifaceted. Because of their basic nature, 
these compounds may target lysosomes and reduce en- 
zyme activity in the organelles.*? This would offset the 
expected increase of LDL degradation owing to the CA- 
induced receptor-mediated influx of lipoproteins into the 
cells. The total amount of LDL degradation by the cells 
will depend on the fine tuning of the stimulatory activity 
of CAs on LDL uptake and the inhibitory effect on LDL 
degradation. Time, CA concentration and the type of cell 
tested may largely affect the results on intracellular lipo- 
protein degradation. Some workers?! speculated that 
the inhibition of LDL degradation induces the accumula- 
tion of intact LDL in human fibroblasts and smooth 
muscle cells. This mechanism, and not a stimulation of 
LDL-receptor activity, would be responsible for the in- 
creased uptake of LDL by cells.3! This hypothesis, how- 
ever, is not supported by experimental evidence: First, 
CAs induce both LDL internalization and LDL binding 
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fication by the acyl-coenzyme A cholesterol acyltransfer- 
ase (ACAT) by way of inhibition of the delivery of cho- 
lesterol to the esterification site. This effect is indepen- 
dent of the inhibition of lysosomal cholesteryl ester hy- 
drolysis. A reduction of ACAT activity would reduce 
cholesteryl ester content deposition. The effect of verapa- 
mil on cellular cholesteryl ester content will result from 
the balance of these 2 actions. Although the aforemen- 
tioned activities have opposite consequences on cellular 
cholesteryl ester content, both have an effect on reducing 
the delivery of cholesterol to the cholesteryl ester cycle 
operating in the cytoplasm of macrophages, where esteri- 
fied and free cholesterol are continuously hydrolyzed and 
reesterified.>® This “futile” cycle uses acyl-conenzyme A 
derivatives in the reesterification reaction, therefore in- 
ducing a continuous waste of adenosine triphosphate.*® 
Because verapamil reduces the delivery of substrate (i.¢., 
cholesterol) to the cycle, it can be speculated that this 
drug exerts a protective effect on cells by reducing adeno- 
sine triphosphate depletion. Such a mechanism, if present 
in atherosclerotic vessels, may be of relevance in reducing 
the likelihood of foam cell necrosis in a poorly oxygenated 
tissue. 

Partial inhibition of lysosomal lipoprotein degrada- 
tion and cholesteryl ester hydrolysis by basic CAs, includ- 
ing amlodipine, may therefore be regarded as a beneficial 
effect rather than a possible proatherogenic side effect. In 
fact, these compounds may modulate an excessive release 
of free cholesterol not only to the cytoplasmic compart- 
ment (as previously discussed) but also to the plasma 
membrane”? where cholesterol may exert toxic effects.*° 
The nonhydrolyzed cholesteryl ester, retained in the cells 
because of the lysosomal inhibition by CAS, is eventually 
eliminated. This hypothesis is supported by data on 
smooth muscle cells where verapamil induces an initial (2 
to 7 days) increase in cellular cholesteryl ester content 
that, at longer incubation times (18 to 35 days), is fol- 
lowed by a net decrease as compared with control cells. 

Some investigators have also suggested that reduction 
of lysosomal cholesteryl ester hydrolysis may increase the 
scavenging activity of monocytes / macrophages, thus im- 
proving their ability to remove cholesteryl ester from the 
arterial wall.3536 This hypothesis implies that macro- 
phages should be regarded not only as foam cell precur- 
sors, but also as a cell42 able to remove cholesterol from 
the arterial wall. 

A possible lipid-related cellular mechanism involved 
in the antiatherogenic potential of dihydropyridine CAs 
has been identified by Etingin and Hajjar“ in rabbit 
smooth muscle cells. They demonstrated that nifedipine 
decreases cholesterol and cholesteryl ester in lipid-loaded 
smooth muscle cells and this effect presumably is the 
result of an activation of cellular cholesteryl ester hydro- 
lases by CAs. In addition, nifedipine reduces cholesterol 
content of macrophages by inducing cholesterol efflux.” 

In conclusion, CAs may reduce cholesterol accumula- 
tion in the arterial wall, thus displaying antiatheroscler- 
otic properties by directly affecting cellular lipid metabo- 
lism. Depending on the calcium antagonist used, the 
mechanism(s) underlying this activity may differ (Fig. 
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1). Whether these in vitro effects of CAs on cellular lipid 
metabolism are relevant to the in vivo condition deserves 
further investigation. 


Acknowledgment: We wish to thank Maddalena 
Marazzini for typing the manuscript. 
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PANEL DISCUSSION 
Dr. Vanhoutte (Rochester, Minnesota): The only re- 


k I would like to make relates to 


ete EDRF but to the creation of 
iffusion barrier. This is the expla- 


ypothesis is true, 


im an 
More space: 


ists to receptors is about the same i 
Is with- treated cells, We have seen thai 


out endothelium don’ 
endothelial cells. 


ds : 


antagonists or, at least 80 


careful in the future 
have this action. 

Dr. Sever (London, 
Naive question, but are t 
low-density lipoprotein cl 
lation, and would you not 
calcium antagonists? 


Dr. Paoletti: Not necessarily. It depends on where and F 
how many receptors are formed, since the clearance is 
mainly through the liver where 70% of the total receptors 


are present. If the calcium antagonist acted mostly onthe 
arterial walls, you wouldn’t expect any decline. aoe 
Dr. Van Breemen (Miami, Flori la): Have you exclud- ae 
ed the possibility that the stimulation of the synthesis of pce 
the receptors is mediated by calcium? USS 
Dr. Paoletti: No, we have not excluded it at all. We 


think that it’s a question to be investigated. We don’t 


know how it is stimulated. | 
Dr. Van Breemen: But it is not a direct relationship; 
otherwise, wouldn’t it follow directly with the calcium — 
antagonist potency? | a 
Dr. Paoletti: No. As a matter of fact, in some cases 
both enantiomers are active. There isa paper by Bogartti 
indicating that the calcium agonist Bay K8844 may actu- — 
ally protect cultured macrophages. This is a different E 
system but still shows that the effect on cholesterol depo- 


sition is related to the chemical structure of the calcium 


antagonist, not necessarily to the fact that they stimulate. - 
or inhibit the calcium channel. _ 
Dr. Van Breemen: [n this relationship, it is important _ 
to know that the macrophages do not have voltage-gated. n 
calcium channels, pa 
Dr. Glossmann (Innsbruck, Austria): They have a lot 
of 1,4-dihydropyridine receptors. _ a ok eee 
Dr. Betz: You mentioned that the intern 


anta 





on of 
of receptors that are on the surface. 

Dr. Paoletti: This experiment has not been carried out 

i endothelial cells, but on fibroblasts, muscle cells and 

ver cells; so, I cannot comment on that. 

< Dr. Van Breemen: Dr. Nayler, this morning you chal- 
enged the relevance of the antiatherogenic effect of calci- 

1 antagonists. Would you comment on this? 

Dr. Nayler (Victoria, Australia): My challenge was 
really associated with the type of model used. In the intact 
abbit model, the deposition of the plaque is not in the 
coronary vasculature. I would really like Professor Pao- 
letti to answer this. 

- Dr. Paoletti: I think the relevance in vivo of the calci- 
um antagonist protecting the arterial walls is related to 

different factors. Most of the molecules used so far are 
“not ideal because they do not accumulate in the arterial 
`- wall itself and we think that this is a prerequisite. 
Dr. Van zwieten (Amsterdam, The Netherlands): Í 
-think it is also the models which are critical. Would you 
-> know of any better model than these cholesterol-overfed 


<o Dr. Paoletti: I think the rabbit is quite interesting 

because you can have genetic hypercholesterolemic ho- 

~ -mozygotes and heterozygotes and hypercholesterolemia 

due to diet, which is as close as you can get to the human 
condition. 

Dr. Nayler: But it is not like the human condition 
because the atheroma is predominantly in the thoracic 
aorta. 

Dr. Paoletti: Yes, I understand that, but this, I think, 
is not an important point. It is still minor in comparison 
to the fact that we have the same animal model, genet- 
ic vs an artificial model; the present state is more impor- 


~~ tant. 


Dr. Nayler: Do you know anyone who has combined 


<= free radical toxicity with deposition of atheroma in the 


cholesterol-fed animal? 

Dr. Paoletti: No. Of course there is a huge amount of 
work going on with that now—particularly activated by 
the Steinberg group in San Diego. 

Dr. Nayler: Is it going to help us? Is it going to give us 


an answer or a better model? 


= Dr. Paoletti: It is too early to say. I would be a bit 
_ skeptical. 

o Dr. Catapano (Milan, Italy): I would tike to add some- 

‘thing about models. We keep talking about rabbits, but 


we have the drug data in monkeys. Dr. Wissler has shown 


some data in coronaries from monkeys with not such a 
high cholesterol level and they have a regression after 
< calcium antagonist treatment. So it seems that there are 
`- several reasons. Second, I think the rabbit gives you an 
have data on homozygotes and the choles- 
hat’s a big advantage. The problem with 

5: Paoletti said, that if you use 
: he effect, 


-relevant to man. Coming ba 
-erated atherosclerosi ik there ar 


looking more to heterozygotes or 


cholesterolemia. So, I 
backs, as all models; howeve 
model, especially if you think that the 
macrophages. Calcium antagonists do have an effect on 
cholesterol homeostasis in macrophages besides the effect 
on the receptor, a point made previously by Professor 
Betz. They do activate neutral cholesterol esterase. So 
there is another effect within the cell that can be look 
upon by calcium antagonists. 2 
Dr. Paoletti: I don’t think this kind or class of drug 
would ever be developed for atherosclerosis. I don’t know 
at this stage. I think the proper place for therapy would be 
in high-risk subjects, at the early stages of disease, an area 
where we have nothing else to use. But at the prese 
time, we are just trying to attack each risk separately. We 
try to reduce blood pressure and to reduce hypercholes- 
terolemia, and so we end up with a combination of drugs 
that are not acceptable for long-term treatment. I think 
that this class of drugs is a candidate to attack the ris 
factors at a common end point, the arterial wall. o 
Dr. Betz: There exists also a model which you can use 
for humans if you take a piece of an artery, expose it and 
put it on a plastic net and then culture it as an org 
culture. Then, if you have the endothelium here, and you 
press the endothelium while you rub for a very short time, 
then you see that from the media through the elastic 
lamina interna, cells proliferate under the endothelium: 
and form plaque. This plaque can be changed into athero- ` 
ma if you add oxidized lipids to the well-controlled medi- 
um. Then you have a human model which you can easily _ 
make from a bypass vein or from artery, and if it works 
well, you have a real plaque here. You do not need any 


other cells, not blood cells, just press the artery. That’s all- 


you need, and you will get this response. 

Dr. Nayler: How quickly does the plaque grow? 

Dr. Betz: Within about 6 or 7 days. le 

Dr. Glossmann: I come back to the problems of enan- 
tiomers from this morning. It may well be that this novel - 
receptor which we describe has a completely different — 
structural domain. Perhaps the best would be to use one. 
One enantiomer is potent on your system, and the other ` 
enantiomer is a calcium antagonist. It is a dirty drug by 
definition, but it could be very useful against hyperten- 


ffective for amlodipine a 
bvious than © 


any o 
Dr. Vanhoutte: 


tioned—but if you 

thelium over a limit 

that recover, then you 

will yield something that 

human atherosclerosis wi 

high level of cholesterol that you need in 
transplantation in the heart is a very good model, ve 

ere are models other than 







































































































































































C Gener al Discussion 











. Van Zwieten (Amsterdam, The Netherlands): We 
id think about problems like platelet function. 
ild anybody like to discuss platelet function in con- 
ion with calcium antagonists? All I know about it is 
there is a certain inhibitory effect on aggregation 
ich I think is fairly feeble as far as I can judge it. 
= Dr. Lucchesi (Ann Arbor, Michigan): We have looked 
it platelet aggregation in vitro adding diltiazem to the 
itelet-rich plasma and aggregating platelets with aden- 
ne diphosphate, collagen or arachidonic acid. Only at 
‘high concentrations of diltiazem does one see an 
ibition of aggregation. With other studies, the study 
id with amlodipine for instance, we took the platelets 
m the animal which had already received amlodipine 
d subjected those platelets to aggregators, and in no 
tance did we see an alteration in platelet aggregation. 
_ That's all work that’s been done in vitro or ex vivo. In 
-another attempt, we developed a model in which the 
< coronary artery of the dog is injured with an electrical 
_ current; we make an electrolytic lesion on the surface of 
__ the endothelium, and within a matter of 3 to 4 hours, we 
_ have a fully occlusive thrombus which in every respect 
had all of the properties of the human coronary artery 
__ thrombus. That is, it has all of the cellular constituents 
_ and all the products of the clotting mechanism incorpo- 
_ tated into it. Drugs such as PGI, and a number of other 
agents are quite effective in preventing that occlusive 
_ thrombus formation. A number of calcium entry blockers 
_ have been looked at in that model, and in no instance did 
they prevent thrombus formation. However, very inter- 
_ estingly, what they did do was decrease the rate of throm- 
_ bus formation. So you could almost double the time to the 
_ formation of an occlusive thrombus. The mechanism of 
_ this is not quite clear to us at the present, but it is in our 
_ opinion indeed interesting because one of the ma jor prob- 
lems today in management of patients with an evolving 
jocardial infarction and the use of thrombolytic thera- 
is that about 25 or 30% of those individuals rethrom- 
Ose shortly after thrombolytic therapy. I think it would 
ery exciting to look at calcium entry blockers in such 
tting to see if you can prolong the effective reperfusion 
me with the use of these drugs, so that you buy time for 
- another intervention, perhaps, to take effect. It is of inter- 
ést that many patients who evolve to a wholly developed 
ronary artery thrombosis have already been on calcium 
annel entry blockers, and thus we may already be see- 
ing a beneficial effect without recognizing it. 
Dr. Van Zwieten: Thank you for that comment. We 
ill discuss it. 
‘Dr. Catapano (Milan, Italy): Have you tried to chal- 
e platelet aggregation with thromboxane A? There 
eports rol eon may decrease aggregation 













































Dr. Lucchesi: Weil, in our canine model, throxi 
ane is certainly involved in the phenomenon as it ò 
intravascularly. We have not attempted to use any 0 
thromboxane mimics in vitro, but that might very. well | 
the thing to do. 
Dr. Vanhoutte (Rochester, Minnesota): From wha 
have read, the effects of calcium antagonists or calci 
channel blockers on platelet aggregation occur at rat 
high concentrations. I would personally classify th 
among those nonselective effects of those drugs. ` 
Nayler, you may disagree with that, but I would look 
the inhibitory effect of those substances on release 
norepinephrine and things like that as rather unselect 
effects. 
Dr. Van Zwieten: Of course at high doses you can see 
anything. | 
Dr. Van Breemen (Miami, Florida): Channels. 
platelets have been pretty well investigated. There are ne 
voltage gated calcium channels there. : 
Dr. Van Zwieten: | found the data is the same ta ex T 
vivo blood or thrombocytes from patients who had calci- 
um antagonists for hypertension or angina. Is there any: eS 
relevant effect there? ee 
Dr. Millard (Cincinnati, Ohio): This discussion brings ee 
to my mind a recollection about another compound called RS 
pentoxyphylline, With the high lipophilic nature of the ee 
amlodipine, I wonder if in fact it gets into the red cell EE 
membranes producing decreased viscosity and better per- 
fusion and flexibility of those cells as they perfuse tissues =- 
perhaps even at low temperatures, which may be benefi- nee 
cial in situations like Raynaud’s disease. RS 
Dr. Vanhoutte: Again, that certain calcium antago- o 
nists affect rheology, probably the white blood cells rath- - ee 
er than the red blood cells, has been reported. As faras! 
know, the only really convincing case is with flunarazine, 
and again I would not like to attribute that to voltage 
operated channels because as far as I know, there are 
none in those cells. In terms of pentoxyphylline, I think 
the consensus now among pharmacologists would be that 
this probably reflects the scavenger properties of pentoxy- 
phylline more than anything else. So that comes into the 
picture too. | 
Dr. Van Zwieten: The next item on my spendin is 
atrial natriuretic peptide and effects on its release which 
might be somehow calcium dependent and where calcium 
antagonists might have an effect. Little of it is known as 
far as | am aware. : 
Dr. Vanhoutte: | can tell you that endothelial-depen- 
dent relaxing factor inhibits the release. : 
Dr. Godfraind (Brussels, Belgium): What about 
adenylate cyclase and atrial natriuretic pepe pariar 
tion? They have, finally, the same. effect. - Toa 
Dr. Van Zwieten: That “would dhe 
































































f. Epstein (Miami, Florida): There are some prelimi- 
nary studies which I think are interesting. If you infuse 
peptide, you get a given natriuretic response. If you 
repeat the studies on the same individuals when they are 
being treated with the calcium blockers—I recall a dihy- 
dropyridine—the same dose of peptide will produce a 
uch greater natriuresis. 

K =i Van Zwieten: What kind of patient? Volunteers? 

`. Dr. Epstein: Yes, these were human volunteers, given 
| a regimen of peptide infusion. The only difference being 
“with or without treatment with the blocker. 

: © Dr. Van Zwieten: How about the release of the low- 
-density lipoprotein co-factor? Would that be influenced 
-by calcium? You can imagine that the release is a calci- 
um dependent process. Are there any data known on 
that? 

Dr. Blackburn (Sandwich, England): I wonder if one 
‘might come at it from an indirect method. Does anyone 
have any views as to whether any of the calcium channel 
blockers at therapeutic doses have different ceilings of 
natriuresis? 

Dr. Van Zwieten: Well, I asked that of Dr. Epstein, I 
ae He replied that there was a class effect. 

Dr. Epstein: Yes, I am not really confident that one 
can really rank them in terms of increasing natriuretic 
potency. The data are soft on that. 
Dr. Blackburn: Certainly in animal studies Mr. Bur- 
ges’s team has shown and certainly in our hands diltiazem 
ranks as a significantly greater natriuretic in anesthetized 
dogs and rats than dihydropyridines. In our hands amlo- 
dipine has the same sort of ceiling as diltiazem. I just 
wondered about this “dual binding thing” we might be 
dealing with. 
Dr. Van Zwieten: Well, I think we need good dose- 
response curves. 

Dr. Schwartz (Cincinnati, Ohio): I think the data are 


: -harder than you suggest. In fact, diltiazem does rank 


considerably higher than nifedipine. In fact, I am not 
- aware that nifedipine actually is a long-term natriuretic, 
but diltiazem and amlodipine are. 

Dr. Epstein: | take issue with that statement. Despite 
numerous attempts, I have been unable to verify the long- 


= < term natriuretic effects of diltiazem. In contrast, there 
-are intriguing data suggesting that several of the dihydro- 


pyridines, e.g., nifedipine, nisoldipine and nitrendipine 


-are chronically natriuretic. In a recent book that we edit- 


__ ed, Ruilope et al assessed the persistence of the natriuretic 
_. capacity of these drugs by sequential challenge with an 
` intravenous saline load. An acute intravenous saline load 
administered at 1, 8, and 24 weeks after initiation of 

‘calcium antagonists, therapy resulted in an augmented 
and undiminished natriuretic response. These observa- 

ions were interpreted as indicating that the natriuretic 

ffects of the: moat e To o 


things I reported this morning. First, we 

that amlodipine has potentially positive inotropic ac 

They may be small. They may be afterload depende 
but I don’t think so because the global dP/dt of the | 
ventricle also increases as do the regional ejection inot 
pic indicators. So that merits some attention; but Iwo 
add a caution as well because we did see slight rise of 
end-diastolic pressures, although the animals didn’t g 
into the failure range. These responses were in autonomi 
cally intact dogs. I don’t want to make a big story out 
the observation because the left ventricle end-diastoli 
pressure is only about 5 mm Hg after amlodipine whic! 
very low. Open-chest dogs normally have near zero en 
diastolic pressures. In this context, the dihydropyridine 
to support what Dr. Schwartz has just said, are the lea: 
problematic with regard to potentiating or exacerbating 
failure. Unless they are used in combination with $ 
blockers, where all bets are off, they are the least Pre 
lematic. 

Dr. Van Zwieten: But what would be the poten 
advantage of using them? What we want is vasodilat: 
tion. It is probably not desirable that there is a potenti l 
negative inotropic effect. Now if you want to dilate ves- 
sels, there are many possibilities which are less dangerous 
nowadays so I wonder what the use would be from clinic 
common sense. | 

Dr. Nayler (Victoria, Australia): Nonetheless they a 3 
used in the acute management of patients with congestive : 
heart failure. = 


Dr. Van Zwieten: Which compound would that be? ; pa 


Dr. Nayler: Felodipine or nifedipine. a 

Dr. Schwartz: Again in the emergency room siingi it: 
has produced a number of deaths as a matter of fact. 
There is a severe proportion with nifedipine in fact. | 

Dr. Lucchesi: I think this morning, Dr. Schwartz, yo 
showed some slides from the New England Journal o 
Medicine (1988; 319: 385-392) article in which patients 
with pulmonary congestion faired worse. I think that's s 
congestive heart failure! 

Dr. Schwartz: I don’t know if this is pertinent to that E 
at all. What has emerged from that study is a subset of- 
hypertensive individuals with ischemic heart disease who 
have benefited significantly with diltiazem. 

Dr. Van Zwieten: That’s a different story. , 

Dr. Schwartz: Exactly. Those with right heart failure 

in eb aR worsened. . 

Dr. Van Zwieten: Of course, I think we can agree. 
there that there is now no need to worry even if some 
people use it, but I think that argument was never very 
ee 

r. Burges (Sandwich, England): Can I ask if anyon 


nel blockers do not reduce preload? Because in in vit 
preparations of isolated veins—they relax veins very ni : 
ly. , 
Dr. Vanhoutte: That depends what you ae 
them with. If you stimulate with potassium the drug: 











































































ou system. through < a AEn 
very efficient coupling. So that calcium 
; o very little about it. Pieter and I now fully 










r. Bürger So the voltage operated channels are 
but they are just silent? 
r. Vanhoutte: They really are not used very much to 
vate vascular smooth muscle. 
Dr. Blackburn: When you said tightly controlled, did 
mean that the a receptors activate the phosphatidy- 
sitol pathway and then release intracellular calcium? 
< Dr. Vanhoutte: You get full activation of those veins 
ith less than 10% occupancy of the receptors. 
Dr. Blackburn: If we still have transmembrane flux, 
e blockers would work and so presumably there is re- 
of intracellular calcium. 
Vanhoutte: Somehow building up of œ receptors 
1 ways I do not comprehend, protecting that 
ular activation from the influence of calcium entry 
kers because if you destroy the receptor reserve by 
1oxybenzamine treatment, then you can show that 
drenergic activation is exquisitely sensitive to calci- 
antagonists. 
» Van Breemen: A comment on why a activation 
not be sensitive to calcium antagonists and why that 
es between arteries: There are 2 ways of activating by 
æ receptors. One, you can activate the receptor-operated 
1onspecific channels which would depolarize and the de- 
_ polarization would activate voltage gated channels; so it 
epends on the relative distribution of receptor-operated 
ated channels. Now the receptor-operated chan- 
Iso allow calcium to enter into the cells, but they 
ed by calc m antagonists and neither is the 
f phospholipase C which will release calcium 
rcoplasmic re culum or increase the sensitiv- 
myofilaments. There are ways of varying the 
between these mechanisms and the voltage-gated 
“mechanisms in various vascular beds. 






















































Dr. Var nhou te: Aad’ again when yi 

in venous smooth muscle, it can be fairly differ 
the slides that Dr. Van Zwieten didn’t allow mi 
was that depolarization in veins with endothelin 
contraction which you cannot prevent with vera: 
diltiazem or calcium antagonists. I think there are 
ent ways to get the calcium into the cells, and the 
smooth muscle somehow doesn’t seem to like: 
operated channels. 

Dr. Marshall (New York, New York): A questi 
neuropeptide Y: We know that it’s co-released with 
epinephrine, it’s localized around coronaries, lung 
and reproduction systems, but when we are talkin 
heart and vasoconstriction, we’ve seen that from the 
pathetic nervous system to arterioles that voltage: 
dent calcium channel blockade reduces the am 
norepinephrine released and so on. I have seen th 
several slides. en 

Dr. Van Zwieten: But it is not a normal effect a 
A antagonists in therapeutic doses. i 

Dr. Marshall: Is it possible that the co-release of neu- 
ropeptide Y, which is a more potent and long-lasting 
vasoconstrictor than norepinephrine, is a culprit in vaso- 
spasm? 

Dr. Vanhoutte: We don’t know. But it is hard to disso- 
ciate the vasoconstrictor effects of NPY (neuropeptide 
Y) from that of noradrenaline. I think it’s an amplifier of 
the action of noradrenaline. Since the action of noradren- 
aline in the coronary artery is highly calcium-antagonist. 
sensitive, I would almost predict that you could abolish 
both. We haven’t done those experiments and I cannot. 
remember anybody having done them, but it is a question 
to be answered. | 

Dr. Van Zwieten: Thank you. That’s a very good sug- | 
gestion. Any further items we should discuss here? 

Dr. Schwartz: I, for one, am delighted that you have 
come, shared your data and contributed to such an ex- 
tremely stimulating discussion. Thank you very much. 
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Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 


Ideal maintenance therapy 


Behe oS) Podan. ee 
the original sustained-release oral procainamide 


-PARKE-DAVIS 
Division of Warrier Larriben Company 
Moris. Plains, New Jersey 07950 


Please see next page for brief summary of prescribing information. 





SA (procainamide hydrochloride tablets) 
NED RELEASE | 


i , prescribing, please see full prescribing information. 
Brief Summary follows. . 


he prolonged administration of procainamide often leads to the development of a positive 

ftinuclear antibody (ANA) test with or without symptoms of lupus erythematosus-ike 

yridrome. If a positive ANA titer develops. the benefit/nsk ratio related to continued 

ocainamide therapy should be assessed. This may necessitate consideration of alternative 
arrhythmic therapy. 


INDICATIONS AND USAGE: Oral procainamide is indicated in the treatment of premature 
icular contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 
jycardia. 
ONTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. In this 
nection, cross-sensibivity to procaine and related drugs must be borne in mind. 
rocainamide should not be administered to patients with complete atrioventricular hear block. 
also contraindicated in cases of second degree and third degree AV nodal block unless an 
icat pacemaker is operative. 
has been suggested that procainamide be contraindicated in patients with myasthenia gravis. 
ANINGS: Granulocytoperia may follow the use of procainamide, and deaths from sepsis have 
d. Leukocyte changes are most likely to occur during the first three months of therapy. 
this time routine blood counts should be done at least every two weeks and thereafter at 
intervals throughout maintenance procainamide therapy. Compiaints of malaise and aches 
pe syndrome) are offen reported in association with the granulocyte depression. 
Pa ents shouid be instructed to report such symptoms promptly, as wel] as any soreness of 
hroat or gums, unexplained fever, or symptoms of an upper respiratory tract infection. tf 


ab 


should occur and a complete blood count indicates a granulocyte depression. procainamide 
apy should be discontinued immediately and appropriate treatment instituted. Recovery of 
te count usually occurs within a few weeks. 
idence of granulocytopenia appears to be higher with procainamide sustained-release 
han with standard tablets. 

UTIONS: General — During administration of the drug. evidence of untoward myocardial 
should be carefully watched for in all patients. In the presence of an abnormal 
dium. procainamide may at times produce untoward responses. in atrial fibrillation or flutter, 

cular rate may increase suddenly as the atrial rate is slowed. Adequate digitalization 

but doesnotabolish, this danger. if myocardial damage exists, ventncular tachysystole 

arly hazardous. Correction of atrial fibrillation, with resultant forceful contractions of the 

may cause a disigdgment of mural thrombi and produce an embolic episode. However, it 

n suggested that, in a patient whois already discharging emboli, procainamide is more 
to stop than to aggravate the process. 


ipts to adjust the heart rate in a patient who has developed ventricular tachycardia during 
usive coronary episode should be carried out with extreme caution, Caution is also required 
ed disturbances of atrioventricular conduction such as AV block, bundle branch block, or 
digitalis intoxication, where the use of procai namide may result in additional depression of 
tion and-ventricular asystote or fibrillation. 
Se patients with. severe organic heart disease and ventricular tachycardia may aiso have 
art block, which is difficult to diagnose under these circumstances, this complication 
ways be kept in mind when treating ventricular arrhythmias with procainamide. If the 
ar rate igsignificantly slowed by procainamide without attainment of regular atrioventricular 
on, the drug should be stopped and the patient reevaluated since asystole may result 
e circumstances. 
ents receiving normal dosage, but who have both liver and kidney disease, symptoms of 
@ (principally ventricular tachycardia and severe hypotension) may occur due to drug 
ypotension can result from peripheral vasodilation and from decreases in cardiac 
gh plasma levels, procainamide may produce sinus tachycardia due to reflex sym- 
ic response to its hypotensive effect. Large doses may increase cardiac automaticity and 
uce complete atrioventricular block, cardiac standstill, or ventricular extrasystoles that may 
to ventricular fibrillation, These effects on the myocardium are reflected in the elec- 
grama widening of the QRS complex occurs most consistently: tess regularly, the P-R 
tervals. are prolonged; and the QRS and T waves show some decrease in voltage. 
lear antibodies (ANA) are often found in patients receiving long-term procainamide 
he induction of ANA appears to be independent of dosage. Patients with procainamide- 
in reases in ANA titers may develop a syndrome resembling systemic lupus 
to: us (SLE). The mechanism of this syndrome is uncertain. Polyarthraigia. arthritic 
ns, and pleuritic pain are common symptoms, to a lesser extent fever myalgia. skin lesions. 
ion, pericarditis, headache, fatigue. weakness, nausea and abdominal pain may occur 
of thrombocytopenia. Coombs positive hemolytic anemia, increased SGOT. SGPT, and 
ase have been reported which may be related to this SLE-like syndrome. 
ded that tests for systemic lupus erythematosus be carried out at regular intervals 
receiving maintenance or prolonged procainamide therapy. The drug should be 


hereis arising ANA titer or clinical symptoms of SLE appear The SLE-like syndrome 
supon discontinuation of the drug. If discontinuation does not cause remission 
yHicosteroid therapy may be effective. If the SLE like syndrome develops ina 
tlife-threatening arrhythmias not Gontrollable by other antiarrhythmic agents. 
essive therapy may be used concomitantly with procainamide. 
Patient— Practitioners should give the following information and instructions to 
BrocanSR. 1. Donotcrush or chew these tablets. Swallow them whole. 2. Take 


Procan® SR (procainamide hydrochloride tablets) : 


this medicine exactly as directed by your doctor. Do not miss any doses and do not take mor 
medicine than ordered. Do not stop taking this medicine without! first checking with your doctor 
3. i you miss a dose and remember within one hour or So, take it as soon as possible. Thén go bax 
to your regular dosing schedule. Do not take double doses. If you have any questions about this, 
check with your doctor 4. Report to your doctor any flu-type symptoms, such as malaise and 
aches, as well as any soreness of the mouth, throat or gums, unexplained fever, skin rash, unusua 
bleeding or bruising, symptoms that resembie arthritis, or symptoms of an upper respiratory tract” 
infection. 5. Do not be concerned if you occasionally notice in your stool something that looks like: 
a tablet. In Procan SR (procainamide hydrochloride tablets), the drug is ‘held’ in a wax core that 
nas been specially designed to slowly release the drug for your bady to absorb. When this process - 
is completed the empty, nonabsorbable wax core. which looks nearly unchanged, is eliminated . 
from your body. 6. Keep container tightly closed and store ina cool, dry place. a. 
Laboratory Tests — Patients receiving procainamide for extended periods of time, or in whem . 
symptoms suggestive of a jupus-like reaction appear shouid have antinuclear antibody. titers. 
measured at regular intervals. et 
Routine blood counts are advisable during maintenance procainamide therapy. ‘See. 
WARNINGS for additional information. on, 
Piasmaconcentrations of procainamide and NAPA should be monitored in pati 
disease, hepatic disease, cardiac failure, or low cardiac output states. 5 
Drug interactions: 1. Antiarrhythmics: Concurrent use with procainamide may result in additive © . 
cardiac effects and/or additive toxic effects. 2. Anticholinergies: Procainamide enhances the i 
anticholinergic effects. Extreme caution must be exercised with such a combination: 3. Anti- 
cholinesterases: Procainamide antagonizes the effect of anticholinesterases in myasthenia © 
gravis, and paralysis returns. 4. Antihypertensives; Procainamide may potentiate the 
hypotensive effects of thiazide diuretics and other antihypertensive agents. Adjustment of dosage 
may be required. 5 Histamine H,-receptor antagonists: {thas been reported that histamine 
H,-receptor antagonists such as cimetidine and ranitidine reduce renal clearance of 
procainamide and NAPA. resulting in higher plasma concentrations forlenger durations. Cautio 


ents withrenal = 


should be exercised when administering these drugs concurrently, especially in the elderly, \ 
have a reduced ability to clear all three. Dosage modification may be required. 6. Neuromuscular 
Blocking Agents: Procainamide potentiates the effects of skeletal muscle relaxants suc 
succinyichotine. It also may enhance or prolong the neuromuscular blocking activit e -bacitra $ 
colistimethate, dihydrostreptomycin, gentamicin, gramicidin, kanamycin neomycin, polymyx' 
B, streptomycin, and viomycin, producing respiratory depression, a ik 
Pregnancy — Pregnancy Category C. Animal reproduction studies have not been conducted wi 


procainamide. ttis also not known whether procainamide can cause fetal harm whenadministered | 
to a pregnant woman er can alfect reproduction capacity. Procainamide shouid-be given toa. 
pregnant woman only if clearly needed. | T R 
Nursing Mothers — Procainamide and its major metabolite. NAPA, have been identified in breast 
milk. Caution should be exercised when procainamide is administered to a nursing woman. 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: 1. Anorexia: 
2 Nausea: 3. Vomiting: 4. Diarrhea; 5. Urticaria: 6 Pruritus. 
Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA): b. Syndrome resembling systemic lupus erythematosus (SLE) (See at 
PRECAUTIONS). 2. Hypersensitivity reactions: a. Angioneurotic edema. b Maculopapular 
rash: c. Fever: d. Eosinophila: e. Hypergammagiobulinemia. 
infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS). 
2 Convulsions; 3. Psychosis with hallucinations; 4. Confusion: 5 Mental depression: . 
6. Giddiness; 7. Lightheadedness: 8. Weakness, 9. Bitter taste. a 
Rare: 1. Hypotension: 2. A case was reported with fever and chills plus nausea, vomiting. 
abdominal pain, acute hepatomegaly. and a nse m serum glutamic oxaloacetic transaminase ` 
following a single dose of the drug. = 
OVERDOSAGE: Signs and Symptoms: Severe hypotension, ventricular fibration, widening of = 
QRS complex. junctional tachycardia. intraventricular conduction delay, oliguria, lethargy, i 
contusion, nausea, and vomiting. l “$ be 
Treatment: If ingestion is recent, emesis, activated charcoal. or gastric lavage may reduce. 
absorption. Dopamine, phenylephrine. or levarterenol may be helpful in reversing severe © 
hypotensive responses. ` 
Management of overdosage includes symptomatic treatment with ECG and blood pressure 
monitoring. Procainamide toxicity can usually be treated, if necessary. by administering 
vasopressors after adequate fluid volume replacement. Intravenous infusion af 1/6 molar sodium 
lactate injection reportedly reduces the cardiatoxic effects of procainamide. i 
if procainamide toxicity causes severe hypotension and renal insufficiency, urinary elimination 
of procainamide and NAPA is decreased. and hemodialysis may be required. Hemodialysis 
significantly reduces the serum half-life of procainamide, and effectively removes procainamide 
and NAPA. Peritoneal dialysis is not effective. . 
jt has been reported that one patent who ingested approximately 7 grams of procainamide: . 
hydrochioride recovered after treatment consisting of IV levarterenci, IV furosemide, attempted ` 
volume expansion with albumin, and hemodialysis. Also reported is the case of an elderly patient 
who recovered after ingestion of approximately 19 grams of procainamide hydrochionde. The 
patient was treated with IV isoproterenol and IV epinephrine. The latter report suggested that 
insertion of a ventricular pacing electrode is a reasonable precautionary Measure incase high 
grade AV block develops. . rE 
Storage Conditions; Protect from moisture. Store bottles below 30°C (86°F). Store unit: dase 
packages at controlled room temperature, 15°-30°C (59°-86°F). ee. T 
Caution — Federal law prohibits dispensing without prescription. 
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Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
- meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
- calcium disodium as a stabilizer. The solution contains 3.48 

mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine. 


= CONTRAINDICATIONS 

HEXABRIX is contraindicated for use in myelography. Refer to 
PRECAUTIONS concerning hypersensitivity. Hysterosalpin- 
gography should not be performed during the menstrual 
period; in pregnant patients; in patients with known infection 
in any portion of the genital tract; or in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed if infec- 
tion is present in or near the joint. 


WARNINGS 
lonic iodinated contrast media inhibit blood coagulation, in 
vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes con- 
taining ionic contrast media. 
Serious, rarely fatal, thromboembolic events causing 


_ myocardial infarction and stroke have been reported during 


angiographic procedures with both ionic and nonionic contrast 
media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic pro- 
cedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems 
and/or three-way stopcocks, frequent catheter flushing 
with heparinized saline solutions and minimizing the length 
of the procedure. The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate 
the likelihood of in vitro clotting. 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
of vessels supplying the spinal cord. The injection of a contrast 
medium should never be made following the administration 
of vasopressors, since they strongly potentiate neuro- 
logic effects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deterioration, 
including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 


_ Media in these patients should be undertaken with caution. 


A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. In 
such instances anuria has developed, resulting in progressive 
uremia, renal failure and eventually death. Although neither the 
contrast agent nor dehydration has separately proved to be the 
cause of anuria in myeloma, it has been speculated that the 
combination of both may be a causative factor. The risk in 
myelomatous patients is not a contraindication to the pro- 
cedure; however, partial dehydration in the preparation of 
-these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in 
the renal tubules. No form of therapy, including dialysis, has 


~ been successful in reversing the effect. Myeloma, which 


occurs most commonly in persons over 40, should be con- 
sidered before instituting intravascular administration of 


-contrast agents. 























Administration of radiopaque materials to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. If, in the opinion of the 
_ physician, the possible benefits of such procedures outweigh 
-the considered risks, the procedures may be performed; 
_ however, the amount of radiopaque medium injected should 
~— bekept to an absolute minimum. The blood pressure should be 
~ assessed throughout the procedure, and measures for treat- 
_ ment of a hypertensive crisis should be available. 

_, Since intravascular administration of contrast media may 
+ promote sickling in individuals who are homozygous for sickle 
cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 


-failure and recent renal transplant recipients present an 


additional risk. 

Renal failure has been reported in patients with liver 
dysfunction who were given an oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 


_ also in patients with occult renal disease, notably diabetics and 


hypertensives. In these classes of patients there should be no 
fluid restriction and every attempt made to maintain normal 


_ hydration prior to contrast medium injection, since dehydra- 


tion is the single most important factor influencing further 


- renal impairment. 


Caution should be exercised in performing contrast 


-medium studies in patients with endotoxemia and/or those 


with elevaied body temperatures. 
Reports of thyroid storm occurring following the intra- 


_ vascular use of iodinated radiopaque agents in patients with 


oidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 


- use of this drug. lodine-containing contrast agents may alter 


- the results of thyroid function tests which depend on iodine 
- estimation, e.g., PBI, and may also affect results of radioactive 
-iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 


Diagnostic procedures which involve the use of iodinated 


_ intravascular contrast agents should be carried out under the 


direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
_ media carry a definite risk of producing adverse reactions. 


es - While most reactions are minor, life-threatening and fatal reac- 
= — tions may occur without warning, and this risk must be 


_ weighed against the benefit of the procedure. A fully equipped 
_ emergency cart, or equivalent supplies and equipment, and 
personnel competent in recognizing and treating adverse reac- 
_ tions of all types should always be available. If a serious reac- 
~ tion should occur, immediately discontinue administration. 

_ Since severe delayed reactions have been known to occur, 
emergency facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 


__ ADVERSE REACTIONS.) 


_ Preparatory dehydration is dangerous and may contribute 
ee acute renal failure in infants, young children, the elderly, 
s with pre-existing renal insufficiency, patients with 
san, ponents, mm advanced vascular disease 





A vai F È 2 y A hu 


ee oy = Ó Pipe pO 


i SL, OY, ANEY 4 Cay hy 


4. 


Hoey nic NOES 701 ear nia ad as tartar Sag le iby ay TEA SE Tr TERRES 


Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patients who have previously received 
a contrast medium without ill effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 
should be questioned to obtain a medical history with empha- 
sis on allergy and hypersensitivity. A positive history of bron- 
chial asthma or allergy (including food), a family history of 
allergy, or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use of a contrast agent when a 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, a higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment; however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 
migraine. 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with IA-DSA are those usually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when small test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
properly positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected 
thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNING and PRECAUTIONS ae aid Nore, « 
dehydration. ) 


Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, including 
respiration, can markedly affect image quality. The use of an 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a false nega- 
tive diagnosis. Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of intection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. 
Delayed onset of pain and fever (1-2 days) may be indicative of 
pelvic infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males 
or temales. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the tetus due to HEXABRIX. There 
are, however, no adequate and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: \oxaglate salts are excreted unchanged in 
human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Satety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the 
dose injected, the speed of injection, the mode of injection and 
the radiographic procedure. Idiosyncratic reactions are 
subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later: the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10,000 patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during coronary 
arteriography and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
stuffiness, coughing, choking, dyspnea, chest tightness and 
wheezing, which may be initial manifestations of more severe 
and infrequent reactions including asthmatic attack, laryngo- 
spasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type 
reactions can progress into anaphylaxis with loss of con- 
sciousness, coma, severe cardiovascular disturbances, 
and death. 


Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management: 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills 
without fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without left 
ventriculography, patients may have clinically insignificant 
ECG changes. The following adverse effects have occurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock, 
anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular tachycardia, ventricular fibrillation) 
and cardiac arrest. Fatalities have been reported. Com- 
plications to the procedure include dissection of coronary 
arteries, dislodgement of atheromatous plaques, perforation, 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse reac- 
tions appear to be repeated injections of the contrast material, 
administration of doses higher than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection. Adverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. Infrequently, a more severe 
burning discomfort is observed. Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respira- 
tory difficulties. Visual field defects with anopsia and reversible 
neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion, disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
decrease in systemic blood pressure. The blood pressure 
change is transient and usually requires no treatment. 
Arthrography may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may occur in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have been reported following 
hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is directed 
toward the support of all vital functions and prompt institution 
of symptomatic therapy. 

loxagiate salts are dialyzable. 

The intravenous LDso values of HEXABRIX (in grams of 
iodine/kilogram body weight) were 11.2 g/kg in mice, > 8 
g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 
Details on dosage are are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 

Rev. Nov. 1989. 
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FOR THE BENEFITS OF 
ANTIANGINAL PROTECTION AND SAFETY 


BRIEF SUMMARY 


CARDIZEM” 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
fory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal's angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
Studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued 





60mg 90mg 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
OF digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies Suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
If Combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasmo levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five fo ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 


120 mg 





embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted 

Pediatric Use. Sofety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
Out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
Studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2. 1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
fension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
Sid, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
caria. 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


R staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular poin, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 
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CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome. 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
Studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued 
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Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
Or digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 
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embryo and fetal lethality. These doses, in some studies, have 
been reported fo cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excrefed in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted 

Pediatric Use. Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
Out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
Studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2.1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sid, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
caria. 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


” staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 
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Clinical Characteristics and Outcome of Acute 
Myocardial Infarction in Patients with Initially Normal 
or Nonspecific Electrocardiograms (A Report from the 
Multicenter Chest Pain Study) 

Gregory W. Rouan, Thomas H. Lee, E. Francis Cook, 
Donald A. Brand, Monica C. Weisberg, and Lee Goldman 


In >7,000 consecutive patients in the Multicenter Chest Pain 
Study, the overall probability of acute myocardial infarction 
among patients with chest pain and initially normal or nonspe- 
cific electrocardiograms was 3%, but ranged from <1 to 17% 
depending on the patient’s age and sex and on whether the 
patient had pressure-type pain or pain radiating to the shoul- 
der, neck or arms. Study findings also suggested that AMI 
patients with initially normal or nonspecific electrocardio- 
grams may have a less severe short-term clinical outcome. 
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Acute Myocardial Infarction in Cardiac Transplant 
Recipi 

Shao Zhou Gao, John S. Schroeder, Sharon A. Hunt, 
Margaret E. Billingham, Hannah A. Valantine, and 
Edward B. Stinson 


Analysis of 25 documented episodes of acute myocardial in- 
farction in 22 cardiac transplant recipients revealed that all 
hearts had diffuse, concentric coronary narrowing at autopsy 
or explantation, and 4 had multiple foci of nontransmural 
myocardial infarction. Acute myocardial infarctions in cardiac 
transplant recipients are characterized by lack of chest pain or 
typical electrocardiographic changes, high mortality rate, dif- 
fuseness of coronary artery disease and high incidence of mul- 
tiple foci of nontransmural myocardial infarction. 
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Comparative Effects of Theophylline and Isosorbide 
Dinitrate on Exercise Capacity in Stable Angina 
Pectoris and Their Mechanisms of Action ; 

Filippo Crea, Giuseppe Pupita, Alfredo R. Galassi, Hassan 
El-Tamimi, Juan Carlos Kaski, Graham J. Davies, and 

Attilio Maseri 


Intravenous theophylline and sublingual isosorbide dinitrate 
were investigated in 10 patients with stable angina pectoris and 
a positive exercise test by a single-blind randomized trial and 
in 10 other patients using computerized quantitative angiogra- 
phy. In patients with stable angina, theophylline and isosorbide 
dinitrate improve exercise capacity to a similar degree, but 
their mechanisms of action differ. 
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Effect of Intravenous Diltiazem on Myocardial Ischemia 
Occurring During Percutaneous Transluminal Coronary 


sty 
Jan Piessens, Tomasz Brzostek, Francis Stammen, 
Johan Vanhaecke, Matty Vrolix, and Hilaire De Geest 


We studied the antiischemic properties of intravenously ad- 
ministered diltiazem during 1l-vessel percutaneous translumin- 
al coronary angioplasty in 42 patients. We observed a benefi- 
cial effect of diltiazem on the development of myocardial isch- 
emia, suggesting that pretreatment by intravenous diltiazem 
during PTCA may allow for longer inflation time. 
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Return to Work After Percutaneous Transluminal 


Coronary Angioplasty 
Sheila T. Fitzgerald, Diane M. Becker, David D. Celentano, 
Robert Swank, and Jeffrey Brinker 


To determine the patterns of lag time in work resumption and 
the factors associated with early return to work, we prospec- 
tively studied 82 patients employed in the 6-month period be- 
fore percutaneous transluminal coronary angioplasty. Our 
findings suggest that although PTCA is considered relatively 
safe and minimally invasive by the medical community, pa- 
tients may still lack confidence in their ability to return to work 
even when physically capable of doing so. 
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Frequency and Significance of Early Postoperative 
Silent Myocardial Ischemia in Patients Having 
Peripheral Vascular Surgery 

Pamela Ouyang, Gary Gerstenblith, William R. Furman, 

Peter J. Golueke, and Sidney O. Gottlieb 


Using ambulatory electrocardiographic monitoring to deter- 
mine the incidence of perioperative asymptomatic myocardial 
ischemia, we studied 24 patients with stable coronary disease 
undergoing peripheral revascularization; we monitored pa- 
tients preoperatively, intraoperatively and postoperatively us- 
ing two 2-channel calibrated amplitude-modulated units. Pa- 
tients with silent ischemia (8 of 15) were more likely to have 
postoperative clinical ischemic events than patients without si- 
lent ischemia (1 of 9) (53 vs 11%, p <0.05). Early postopera- 
tive silent ischemia occurs frequently after vascular surgery 
and is associated with postoperative clinical ischemic events. 


1117 
Comparison of Three Bayesian Methods to Estimate 
Posttest Probability in Patients Undergoing Exercise 
Stress Testing 

Anthony P. Morise and Robert D. Duval 





THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 15, 1989 A11 








We compared 3 methods using Bayes’ theorem for estimating 
posttest probability after exercise stress testing in 436 patients. 
The 3 methods differed in the number of variables considered 
in the probability estimate, and all underestimated disease 
presence at lower probabilities and overestimated disease pres- 
ence at higher probabilities; method C (CADENZA) was sig- 
nificantly more sensitive and less specific than methods A and 
B. We found that CADENZA was better for excluding coro- 
nary disease, but methods A and B were better for confirming 
disease presence. 
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Upright Bicycle Exercise Echocardiography After 
Coronary Artery Bypass Grafting 

Stephen G. Sawada, Walter E. Judson, Thomas Ryan, 

William F. Armstrong, and Harvey Feigenbaum 


Can exercise-induced wall motion abnormalities be correlated 
with the presence and location of nonrevascularized vessels? 
We performed upright bicycle exercise echocardiography and 
coronary angiography in 42 patients from 1 month to 15 years 
after coronary artery bypass grafting. This technique was per- 
formed successfully after CABG and detected and accurately 
localized nonrevascularized and revascularized vessels. 
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Role of Intravenous Isoproterenol in the 
Electrophysiologic Induction of Atrioventricular 
Node Reentrant Tachycardia in Patients with 
Dual Atrioventricular Node Pathways 

Edward C. Huycke, Wen-Ter Lai, Ngai X. Nguyen, 
Edmund C. Keung, and Ruey J. Sung 


To assess the role of intravenous isoproterenol for the facilita- 
tion of electrophysiologic induction of atrioventricular node re- 
entrant tachycardia, we studied 20 patients with dual AV node 
pathways who lacked inducible AV node reentrant tachycar- 
dia, by administering constant isoproterenol infusion and re- 
peat electrophysiologic study. We conclude that intravenous 
isoproterenol is a rather sensitive and highly specific adjunct to 
programmed electrical stimulation for provocation of AV node 
reentrant tachycardia in patients with dual AV node pathways 
but without inducible sustained AV node reentry. 


1138 

Correlation of Amiodarone Dosage, Heart Rate, 

QT Interval and Corneal Microdeposits with Serum 
Amiodarone and Desethylamiodarone Concentrations 
P. Timothy Pollak, Arjun D. Sharma, and 

S. George Carruthers 


To examine pharmacokinetic-dynamic relations for amioda- 
rone, data were collected on heart rate, QT interval, corneal 
microdeposit grade, cumulative dose and serum concentrations 
of amiodarone and desethylamiodarone (DEA) over 1 year for 
27 patients. The long half-lives of amiodarone and DEA (56 
and 129 days, respectively) complicate the demonstration of 
concentration-response relations; the assumption that steady- 
state concentrations are achieved should be avoided during the 
first year of therapy and the use of other parameters to assess 
adequacy of amiodarone should be studied further. 
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1144 

Adverse Effects of Permanent Cardiac Internal 
Defibrillator Patches on External Defibrillation 
Joseph T. Walls, John C. Schuder, Jack J. Curtis, Hugh E. 
Stephenson Jr., Wayne C. McDaniel, and Greg C. Flaker 


To assess the effects of permanent internal defibrillator patch- 
es on external defibrillation, we performed fibrillation-defibril- 
lation studies on 7 calves before and after insertion of perma- 
nent internal defibrillator patches, one on each ventricle, and 
observed a significant lowering of the percent successful defi- 
brillation for a shock intensity of approximately 400 J. The 
presence of permanent large internal cardiac defibrillator elec- 
trode patches on the right and left ventricles reduces the proba- 
bility of achieving successful defibrillation externally with uni- 
directional shocks. 


1148 Bate a ie ok UE eee Seng tok Sk ee 
Sequelae of Nonsustained Polymorphic Ventricular 
Tachycardia Induced During Programmed Ventricular 
Stimulation 

William H. Kou, Michael de Buitleir, Alan H. Kadish, and 

Fred Morady 


To determine the sequelae of nonsustained polymorphic ven- 
tricular tachycardia induced during programmed stimulation, 
we examined the results of 206 consecutive programmed ven- 
tricular stimulation studies performed in 130 patients. Poly- 
morphic VT as an endpoint for stimulation would be likely to 
improve the specificity of programmed ventricular stimulation 
by limiting the induction of sustained nonclinical arrhythmias 
that require countershock, but at the cost of significantly im- 
pairing the yield of monomorphic VT. 


SYSTEMIC HYPERTENSION 


1152 SE AE SBS ee eee E 
Effects of Diuretic Therapy and Exercise-Related 
Arrhythmias in Systemic Hypertension 

Vasilios Papademetriou, Aldo Notargiacomo, Donald Heine, 
Ross D. Fletcher, and Edward D. Freis 


We assessed the effect of aerobic exercise on cardiac arrhyth- 
mias, plasma catecholamines, potassium and magnesium in 20 
patients (mean age 54 + 8 years) with systemic hypertension. 
Diuretic therapy or diuretic-induced hypokalemia had no pro- 
found effect on cardiac arrhythmias during or after exercise in 
these patients with uncomplicated systemic hypertension. 


1157 ELNAN y Fe SA RAE a OO Te aa 
Effects of Atenolol on Left Ventricular Hypertrophy 
and Early Left Ventricular Function in Essential 
Hypertension 

John W. Allen, Pamela J. Kaiser, and Anna Montenegro 


To assess changes in left ventricular hypertrophy, we used M- 
mode and Doppler techniques after 10, 30 and 50 weeks of 
atenolol therapy (50 or 100 mg once daily) in 19 patients with 
essential hypertension. Our echocardiographic findings, along 
with improvements in blood pressure, pulse and exercise stress 
tests, indicate potential benefits of atenolol in managing essen- 
tial hypertension and LV hypertrophy. 
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creased Spontaneous Heart Rate Variability in 
Congestive Heart Failure 

-Giancarlo Casolo, Enrico Balli, Tamara Taddei, 

-John Amuhasi, and Cesare Gori 






‘In 20 patients with congestive heart failure and 20 subjects 
“without cardiac disease, we assessed heart rate variability from 
24-hour Holter tape analysis. HR variability was markedly 
and significantly decreased in CHF patients compared to con- 
trol subjects, providing further evidence for a decreased para- 
poner traffic to the heart in CHF patients. 


VALVULAR HEART DISEASE 


wees 
A Quantitative Comparison of Transesophageal and 
Epicardial Color Doppler E graphy in the 





Intraoperative Assessment of Mitral Regurgitation 
Jody P. Kleinman, Lawrence S.C. Czer, Michele DeRobertis, 
‘Aurelio Chaux, and Gerald Maurer 


In 29 hemodynamically and temporally matched open-chest 
epicardial and transesophageal color Doppler echocardiogra- 
phy studies from 22 patients scheduled to undergo mitral valve 
repair or replacement, we quantitatively compared mitral re- 
- Burgitant jet size. We found that these 2 methods provide simi- 
lar quantitative assessment of mitral regurgitant jet size, that 
‘jet area to left atrial area ratios have limited applicability in 
‘transesophageal color flow mapping and that transesophageal 
color flow mapping may be especially useful in the assessment 
of dysfunctional mitral prostheses. 





CARDIOMYOPATHY 


1173 
Comparison of Doppler Indexes of Left Ventricular 
Atrial jend Ventricular Pressures in Idiopathic Dilated 


l David Roberto M. Lang, Alex Neumann, Pinhas Sareli, 
hard Marcus, Kirk T. Spencer, and Kenneth M. Borow 















‘teliable are Doppler echocardiographic indexes of intrin- 
myocardial diastolic properties? We simultaneously record- 
-ed micromanometer left atrial and left ventricular pressures, 
‘transmitral Doppler flow velocity signals, and M-mode and 2- 
dimensional echocardiograms in patients with idiopathic dilat- 
‘ed cardiomyopathy during control and infusion of amrinone. 
‘In these patients Doppler criteria for drug-induced changes in 
LV filling properties have to be used cautiously because con- 
“clusions may be diametrically opposed to actual hemodynamic 
changes. 
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1180 

Pulmonary Disease Patients Exercising with 
Noseclip/Mouthpiece 
Douglass A. Morrison, Michael Collins, James R. Sto ‘al 
and Geoffrey Friefeld, with the technical assistance of 
Charles Barbiere, Pat Carlson, Barbara Carpenter, 2 
Lois Clegg, Judy DeLong, Mary Ann Olsen, Patty Pantoja, _ 7 
Dan Powell, and Dianne Wolf T 








































Twelve patients with stable chronic obstructive pulmonary dis- 
ease underwent 2 symptom-limited supine bicycle studies, 1 
with and 1 without a noseclip/mouthpiece for exhaled gas 
measurements. We found that exercise capacity can be altered’ 
by upper airway obstruction in COPD; we hypothesize th 
this ventilatory maneuver may impede venous return. > 


1185 z 
Superior Antiplatelet Action of Alternate Day Pulsed r 
Dosing Versus Split Dose Administration of Aspirin oe 
Reinhard L. Lorenz, Barbara Boehlig, 

Waltraud M. Uedelhoven, and Peter C. Weber 


How should a given dose of aspirin be distributed in time for — 
the best antiplatelet effect with the best sparing of prostacy- ~ 
clin? We administered a constant mean amount of aspirin (40. 
mg/day) in split, single day and alternate day dosing regimens- 
and found the inhibitory effects on platelet aggregation and. 
associated thromboxane formation to be best with the alternate 
day double-dosing regimen. É 





1189 

Lessons to Be Learned from the Cardiac Arrhythmia 
Suppression Trial 

Philip J. Podrid and Frank I. Marcus 

1192 





Redefining True Ventricular Aneurysm 
Davidson Howes Hamer and Joseph Lindsay, Jr. 





BRIEF REPORTS 


1195 
Diagnosis of Left Ventricular Thrombi by Magnetic 
Resonance I | 


Angiocardiography, Compute pissaa 


ao Sechtem, Peter Thee ah Walter Heindel, Kerstin 
Hungerberg, Hans-Josef Deutsch, Ruth Welslau, Julius M. 
Curtius, Werner Higel, Hans-Wilhelm Höpp, and 
Harald Schicha 











© Paul Van Tassel, Irvin F. Goldenberg, Wes Pedersen, Kristin 
aaah Constance Madison, David Streitz, Michael Walker, 


leon Marc R Pritzker, Fredarick L. Gobel, and 
vee A Van Tassel 


eon J. Allen, Michael A. Brody. Edmund V. Capparelli, 
iy R. Luckett, and Lloyd T. seri 


hae rooney ee mp eer pe e Bean ba foo Tease of Ouest of Santaka 


Nicholas Twidale, eh Taylor, William F. Heddle, 
Bronte. F. Ayres, and Andrew M. Tonkin 


Rosk Dobridoment of the Aortic Valve with 


raphic Follow-Up 
Walter J. Scott, Alexander L. Neumann, and Robert B. Karp 


lypertrophic | opathy as a Cause of Massive 
H (1,000 g) 
‘Charles Stewart Roberts and William C. Roberts 


Mervyn odyna Seda Boghossian David ah Bevan, ard i 
E. David Bennett 


Thomas R. Lloyd and Richard È Donnerstein 


1216. M PEE SA 

ischemia in Chronic “Left oila 

Adam Cannon, S. Ben Freedman, Brian P. Bailey, and 
Louis Bernstein 


Michihiro. Suwa, Yutaka Pada Hikaru Nagao, 
Yasuhiko Sakai, Yasushi Nakayama, Yuzo Hirota, 


Keishiro Kawamura, and Takashi Iwa 


INSTRUCTIONS TO AUTHORS on page 1130 — 





The reason to 
recommend it 
is backed by 
facts. 











TRI-BUFFERED 
BUFFERIN is 325 mg 
aspirin in a formula- 
tion buffered with 
magnesium carbo- 
nate, calcium carbo- 
nate, and magnesium 
oxide. The buffering 
system provides total 
acid-neutralizing ca- 
pacity of 6.8 mEq of 
1.0 N HCI (per tablet). 








The reason to recommend Tri-BUFFERED BUFFERIN*® is to provide | ý : 

the benefits of aspirin plus protection against aspirin stomach upset. “3 
Data published in the American Journal of Gastroenterology support ‘a 
this.' In these controlled clinical studies of Tri-BUFFERED BUFFERIN ae 
versus plain aspirin, the incidence of subjective aspirin stomach 3 
upset was 33% lower with Tri-aurFERED BUFFERIN (p <0.001). — 

_ So, when the clinical situation requires aspirin, make a recommen- , ni 
dation backed by facts. Recommend TRi-BuFFeRED BUFFERIN- for i 
aspirin benefits with documented protection from aspirin stomach upset. “3 
TRI-BUFrFERED 2 

FA a 

(325 mg aspirin) á i 


Reference: 1. Sabesin SM, Boyce HW, King CE, et al: t = 

Comparative evaluation of gastrointestinal intolerance pro- ' 

duced by plain aspirin and tri-buffered aspirin tablets. Am J 
Gastroenterol 1988; 83:1220-1225. 


© 1988 Bristol-Myers Co. 1/89 GTFH-140 
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CORONARY ARTERY DISEASE 


1087 

Clinical Characteristics and Outcome of Acute Myocardial 
Infarction in Patients with Initially Normal or Nonspecific 
Electrocardiograms (A Report from the Multicenter Chest 
Pain Study) 

Gregory W. Rouan, Thomas H. Lee, E. Francis Cook, Donald A. Brand, 
Monica C. Weisberg, and Lee Goldman 


In >7,000 consecutive patients in the Multicenter Chest Pain Study, the 
overall probability of acute myocardial infarction (AMI) among patients 
with chest pain and initially normal or nonspecific electrocardiograms was 
3%, but ranged from <1 to 17% depending on the patient’s age and sex 
and on whether the patient had pressure-type pain or pain radiating to the 
shoulder, neck or arms. The time between onset of pain and definitive 
diagnosis of AMI by enzymes or clinical course was longer in patients with 
initially normal or nonspecific electrocardiograms (8.3 vs 7.5 hours, p 
<0.05), their peak creatine kinase levels were lower (mean 643 vs 1,032 
mg/dl, p <0.001) and their mortality was slightly lower (6 vs 12%, p = 
0.10). These findings suggest that AMI patients with initially normal or 
nonspecific electrocardiograms may have a less severe short-term clinical 
outcome. 


LODS iesi a BA A a oe ical Ranta 
Acute Myocardial Infarction in Cardiac Transplant Recipients 
Shao Zhou Gao, John S. Schroeder, Sharon A. Hunt, Margaret E. 
Billingham, Hannah A. Valantine, and Edward B. Stinson 


Twenty-five documented episodes of acute myocardial infarction in 22 
cardiac transplant recipients were analyzed. Only 3 patients complained 
of pain. Twelve of 18 patients were misdiagnosed at admission. Seven of 
the 22 patients died during the acute phase of infarction, 12 were retrans- 
planted and 1 died after discharge. Two old myocardial infarctions of 
unknown duration were found at autopsy or on explantation in patients 
who had not clinically been suspected of having infarctions. At autopsy or 
explantation all hearts were found to have diffuse, concentric coronary 
narrowing, and 4 (18%) had multiple foci of nontransmural myocardial 
infarction. Acute myocardial infarctions in cardiac transplant recipients 
are characterized by lack of chest pain or typical electrocardiographic 
changes, high mortality rate, diffuseness of coronary artery disease and 
high incidence of multiple foci of nontransmural myocardial infarction. 


Continued on page A23 
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BUTTERFINGERS 


The Anyfingers Patch. 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works so readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 
fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 
with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
so discreet about its presence that it’s nearly 
invisible. Handle one and see. Handling is believing! 





Nitro-Dur 
(nitroglycerin) 


Transdermal Infusion System 





Easy to na 
apply. a8 Die gra 
remove. 


5 mg patch, actual size. 


Please see next page for brief summary of prescribing information. Copyright © 1988, Key Pharmaceuticals, Inc., Kenilworth, NJ 07033. All rights reserved. 





Nitro-Dur’ 
(nitroglycerin) 


Transdermal Infusion System 


e Easy opening—even for 
arthritic hands. 


e Round-the-clock cling—lies 
flat, holds tight. 


e Hard to notice, easy to wear— 
semitransparent, soft and 
flexible. 


e Push-button removal—just a 
press in the center raises the 
rim for easy lift-off. 


BRIEF SUMMARY 


INDICATIONS AND USAGE: This drug product 
has been conditionally approved by the FDA 
for the prevention and treatment of angina 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken. 
A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


CONTRAINDICATIONS: Intolerance of organic 
nitrate drugs, marked anemia. 


WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 

In terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vaso- 
dilators in the nitroglycerin class. 


PRECAUTIONS: Symptoms of hypotension, such 
as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
reproduction studies have not been conducted 
with NITRO-DUR. It is also not Known whether 
nitroglycerin can cause fetal harm when adminis- 
tered to a pregnant woman or can affect repro- 
duction capacity. Nitroglycerin should be given to 
a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether nitro- 
glycerin is excreted in human milk. Because 
many drugs are excreted in human milk, caution 
should be exercised when NITRO-DUR is admin- 
istered to a nursing woman. 


ADVERSE REACTIONS: Transient headache is 
the most common side effect, especially when 
higher doses of the drug are administered. Head- 
aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
reduced or use of the product discontinued. 
Adverse reactions reported less frequently in- 
clude hypotension, increased heart rate, faint- 
ness, flushing, dizziness, nausea, vomiting, and 
dermatitis. Except for dermatitis, these symptoms 
are attributed to the pharmacologic effects of 
nitroglycerin. However, they may be symptoms of 
overdosage. When they persist, the NITRO-DUR 
dosage should be reduced or use of the product 
discontinued. 
CAUTION: Federal law prohibits dispensing 
without prescription. EDP #1030160 
Revised 09/87 14362304 


Copyright © 1987, Key Pharmaceuticals, Inc. 
Kenilworth, NJ 07033. All rights reserved. 















All transdermal nitroglycerin products are being market- 
ed pending final evaluation of effectiveness by the FDA. 


—_ Key Pharmaceuticals, Inc. 
/ (=) Kenilworth, NJ 07033 USA 


World leader in drug delivery systems. 


ND-2142/14579303 
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Zes: The long-acting ACE inhibitor 


Zes achieves 24-hour blood pressure control with a half-life of 12 hours: 
Angiotensin converting enzyme (ACE) inhibition* is long lasting with ZesmR— 
sustained 24 hours after a single dose.”“ 





ACE inhibition is long lasting with Zest 2-4 


*In pharmacodynamic studies 

(utilizing 10 mg of enalapril 

and lisinopril), ACE inhibition 

was significantly correlated to 

plasma renin activity and fall 

Enalapril in diastolic blood pressure in 
Poma) normal volunteers.° 


Placebo 


—adapted from Ajayi et al, p 424° 


Percent inhibition of plasma ACE activity 


(n = 19) 


10 12 
Time (hours) 


The clinical significance of pharmacodynamic differences among 
ACE inhibitors observed in normal volunteers has not been determined in 
hypertensive patients. 


, ZesTRIL: Hypertensive patients start 
and stay at one tablet a day 


A single tablet of Zes reduces blood pressure for 24 hours'— unlike other 
ACE inhibitors, which may have to be increased to b.i.d.° or t.i.d.° dosing 

in some patients. The predictable once-daily dosage of Zs enhances patient 
compliance and cost-effectiveness. 


1 ZESTRIL: 24-hour blood pressure control 
that’s easy to live with 


ZestriL Shares the low incidence of side effects characteristic of ACE inhibitors. 
Additionally, rash or taste disturbance is rarely seen with ZestRIL. What's more, 
ZestRIL is not metabolized by the liver. It is absorbed as the active drug and 
does not require bioactivation’—as needed with prodrugs such as enalapril t> 
Absorption of Zestrit is unaffected by food.° 


Evaluation of the hypertensive patient should always include 
assessment of renal function. (See Dosage and Administration.) 


Angioedema has been reported with ACE inhibitors, Ay © 
including Zestril. (See Warnings.) c& 
wN 


The antihypertensive effect may diminish 
at the end of the dosing interval. 


Clinical significance has not been determined in 
hypertensive patients. 


Please see last page of this advertisement for 
brief summary of prescribing information. 


© 1989 ICI Americas Inc. 





ZESTRIL” (lisinopril} 


INDICATIONS AND USAGE. ZESTRIL is indicated for the treatment of hypertension. it may be used alone as initial 
therapy or concomitantly with other classes of antihypertensive agents. In using ZESTRIL, consideration should be 
given to the fact that another angiotensin converting enzyme inhibitor, Captopril, has caused agranulocytosis, particularly 
in patients with renal impairment or collagen vascular disease, and that available data are insufficient to show that 
ZESTRIL does not have a similar risk. (See WARNINGS.) CONTRAINDICATIONS. ZESTRIL is contraindicated in patients 
who are hypersensitive to this product and in patients with a history of angioedema related to previous treatment with 
an angiotensin converting enzyme inhibitor. WARNINGS. Angioedema: Angioedema of the face. extremities, lips, tongue, 

lottis and/or larynx has been reported in patients treated with angiotensin converting enzyme inhibitors, including 
FEST RIL. In such cases, ZESTRIL should be promptly discontinued, and the patient care ully observed until the swelling 
disappears. in instances where swelling has been confined to the face and lips the condition has generally resolved 
without treatment, although antihistamines have been useful in relieving symptoms. Angioedema associated with 
laryngeal edema may be fatal. Where there is involvement of the tongue, glottis or larynx, likely to cause airway 
obstruction, appropriate reap, J eer py eaa epinephrine solution 1:1000 (0.3 mi to £5 mi) shouid be promptiy 
administered. (See ADVERSE REACTIONS.) Hypotension: Excessive h potension was rarely seen in uncomplicated 
hypertensive patients but is a possible consequence of use with ZESTRIL in Salt/volume-depleted persons, such as 
those treated vigorously with diuretics or patients on dialysis. (See PRECAUTIONS, Drug interactions and ADVERSE 
REACTIONS.) In patients with severe congestive heart failure, with or without associated rena! insufficiency, excessive 
hypotension has been observed and may be associated with oliguria and/or progressive azotemia, and rarely with 
acute renal failure and/or death. Because of the potential fal! in blood pressure in these patients, therapy should be 
started under very close medica! supervision. Such patients should be followed closely for the first two weeks of treatment 
and whenever the dose of ZESTRIL and/or diuretic is increased. Similar considerations apply to patients with ischemic 
heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction 
or cerebrovascular accident, if hypotension occurs, the patient should be placed in supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to further 
doses which usually can be given without difficulty once the blood pressure has increased after volume expansion. 
Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause 
agranulocytosis and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with 
renal impairment especially if they also have d collagen vascular disease. Available data from clinical trials of ZESTRIL 
are insufficient to show that ZESTRIL does not cause agranulocytosis at similar rates. Periodic monitoring of white 
blood cell counts in patients with collagen vascular disease and renal disease should be considered. PRE TIONS. 
General. impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes 
in renal function may be anticipated in susceptible individuals. in patients with severe congestive heart failure whose 
renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with angiotensin 
converting enzyme inhibitors, including ZESTRIL, may be associated with oligtiria and/or progressive azotemia and 
rarely with acute renal failure and/or death. in hypertensive patients with unilateral or bilateral renal artery stenosis, 
increases in blood urea nitrogen and serum creatinine may occur Experience with another angiotensin converting 
enzyme inhibitor suggests that these increases are usually reversible upon discontinuation of ZESTRIL and/or diuretic 
therapy. In such patients, renal function should be monitored during the first few weeks of therapy. Some hypertensive 
patients with no apparent pre-existing renal vascular disease have developed increases in blood urea nitrogen and 
Serum creatinine, usually minor and transient, especially when ZESTRIL has been given concomitantly with a diuretic. 
This is more likely to occur in patients with pre-existing renal impairment. Dosage reduction of ZESTRIL and/or discon- 
tinuation of the diuretic may be required. Evaluation of the hypertensive patient should always inciude assessment 
of renal function. (See DOSAGE AND ADMINISTRATION.) Hyperkalemia: in clinical trials hyperkalemia (serum potassium 
greater than 5.7 mEq/L) occurred in approximately 2.2% of hypertensive patients and 4.0% of patients with congestive 
heart failure. in most cases these were isolated values which resolved despite continued therapy. Hyperkalemia was 
a Cause of discontinuation of therapy in approximately 0.1% of hypertensive patients. Risk factors for the development 
of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing diuretics, 
potassium supplements and/or potassium-containing salt substitutes, which should be used Cautiously, if at ali, with 
ZESTRIL. (See Drug interactions.) SurgerwAnesthesia: in patients undergoing major surgery or during anesthesia 
with agents that produce hypotension, ZESTRIL may block angiotensin li formation secondary to compensatory renin 
release. If hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. 
information for Patients. Angioedema: Angioedema, including laryngeal edema, may occur especially following the 
first dose of ZESTRIL. Patients should be so advised and told to report immediately any signs or symptoms suggesting 
angioadema (swelling of face, extremities, eyes, lips, tongue. difficulty in swallowing or breathing) and to take no more 
drug unti! they have consulted with the prescribing physician. Symptomatic Hypotension: Patients should be cautioned 
to report lightheadedness especially during the first few days of therapy. If actual syncope occurs, the patient should 
be told to discontinue the drug until they have consulted with the prescribing physician. Ali patients should be cautioned 
that excessive perspiration and dehydration may lead to an excessive fall in blood pressure because of reduction in 
fluid volume. Other causes of volume depletion such as vomiting or diarrhea may also lead to a fall in biood pressure; 
patients should be advised to consult with their physician. Hyperkalemia: Patients should be told not to use salt sub- 
stitutes containing potassium without consulting their physician. Neutropenia: Patients shouid be toid to report promptly 
any indication of infection (eg. sore throat, fever) which may be a sign of neutropenia. NOTE: As with many other drugs. 
certain advice to patients being treated with ZESTAIL is warranted. This information is intended to aid in the safe and 
effective use of this medication. It is not a disclosure of all possible adverse or intended effects. DRUG INTERACTIONS. 
Hypotension — Patients on Diuretic Therapy: Patients on diuretics and especiaily those in whom diuretic therapy was 
recently instituted, may accasionally experience an excessive reduction of blood pressure after initiation of therapy 
with ZESTRIL. The possibility of hypotensive effects with ZESTRIL can be minimized by either discontinuing the diuretic 
of increasing the salt intake prior to initiation of treatment with ZESTRIL. if it is necessary to continue the diuretic, 
initiate therapy with ZESTRIL at a dose of 5 mg daily, and provide close medical supervision after the initiat dose for 
at least two hours and until blood pressure has stabilized for at feast an additional hour {See WARNINGS. and DOSAGE 
AND ADMINISTRATION.) When a diuretic is added to the therapy of a patient receiving ZESTRIL, an additional antihyper- 
tensive effect is usually observed. Studies with ACE inhibitors in combination with diuretics indicate that the dose 
of the ACE inhibitor can be reduced when it is given with a diuretic. (See DOSAGE AND ADMINISTRATION.) indomethacin: 
in a study in 36 patients with mild to moderate hypertension where the antihypertensive effects of ZESTRIL alone were 
compared to ZESTRIL pen concomitantly with indomethacin, the use of indomethacin was associated with a reduced 
effect, although the difference between the two regimens was not significant. Other Agents: ZESTRIL has been used 
concomitantly with nitrates and/or digoxin without evidence of clinically significant adverse interactions. No clinically 
important pharmacokinetic interactions occurred when ZESTRIL was use concomitantly with propranolol or hydro- 
chiorothiazide. The presence of food in the stomach does not atter the bioavailability of ZESTRIL. Agents Increasing 
Serum Potassium: ZESTRIL attenuates potassium loss caused by thiazide-type diuretics. Use of ZESTRIL with potassium- 
Sparing diuretics (eg, spironolactone, triamterene or amiloride), potassium supplements, or Potassium-containing salt 
substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these agents is indi- 
cated because of demonstrated hypokalemia, they should be used with caution and with frequent monitoring of serum 
potassium. Lithium: Lithium toxicity has been reported in patients receiving lithium with drugs which cause elimination 
of sodium. including ACE inhibitors. Lithium toxicity was usually reversible upon discontinuation of both drugs. itis 
recommended that serum lithium levels be monitored requerny if ZESTRIL is administered concomitantly with lithium. 
Carcinogenesis, pita apes impairment of Fertility. There was no evidence of a tumorigenic effect when lisinopril 
was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day (about 56 times* the maximum 
recommended daily human dose) or when lisinopril was administered for 92 weeks to (male and female} mice at doses 
up to 135 mg/kg/day (about 84 times* the maximum recommended daily human dose), “Based on patient weight 
of 50 kg. Lisinopril was not mutagenic in the Ames microbial Mutagen test with or without metabolic activation. tt 
was also negative in a forward mutation assay using Chinese hamster lung cells. Lisinopril did not produce single strand 
DNA breaks in an in vitro alkaline elution rat hepatocyte assay. in addition, lisinopril did not produce increases in 
chromosomal aberrations in an in vitro test in Chinese hamster ovary cells or in an in vivo study in mouse bone mar- 
row. There were no adverse effects on reproductive performance in male and female rats treated with up to 300 mg/kg/day 
of lisinopril. Pregnancy. Pregnancy Category C: Lisinopril was not teratogenic in mice treated on days 6-15 of gestation 
with up to 1,000 mg/kg/day (625 times the maximum recommended human dose). There was an increase in feta! 
resorptions at doses down to 100 mg/kg: at doses of 1,000 mg/kg this was prevented by saline supplementation. There 
was no fetotoxicity or teratogenicity in rats treated with up to 300 mg/kg/day (188 times the maximum recommended 
dose) of lisinopril at days 6-17 of gestation. In rats receiving lisinopril from day 15 of gestation through day 21 post- 
partum, there was an increased incidence in pup deaths on days 2-7 postpartum and a lower average body weight 
of pups on day 21 postpartum. The increase in pup deaths and decrease in pup weight did not occur with maternal 
saline supplementation. Lisinopril, at doses up to 1 mg/kg/day, was not teratogenic when given throughout the organ- 
ogenic periad in saline supplemented rabbits. Saline supplementation (physiologic saline in place of tap water} was 
used to eliminate maternotoxic effects and enable evaluation of the teratogenic potential at the highest possible dosage 
level. The rabbit has been shown to be extremely sensitive to angiotensin converting enzyme inhibitors (captopril and 
enalapril) with maternal and fetotoxic effects apparent at or below the recommended therapeutic dosage levels in man. 
Fetotoxicity was demonstrated in rabbits by an increased incidence of feta! resorptions at an oral dose of lisinopril 
of 1 mg/kg/day and by an increased incidence of incomplete ossification at the lowest dose tested (0.t mg/kg/day). 
A singie intravenous dose of 15 mg/kg of lisinopril administered to pregnant rabbits on gestation days 16, 21 or 26 
resulted in 88% to 100% fetal death. By whole body autoradiography, radioactivity was found in the placenta following 
administration of labeled lisinopril to pregnant rats, but none was found in the fetuses. Human Experience: There 
are no adequate and well-controlled studies of lisinopril in pregnant women. However, data are available that show drugs 
of this class cross the human placenta. Because the risk of feta! toxicity with the use the ACE inhibitors has not been 
Clearly defined (see below), lisinopril should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Postmarketing experience with afl ACE inhibitors thus far Suggests the following with regard to pregnancy 
outcome. Inadvertent exposure limited to the first trimester of pregnancy has not been reported te affect fetal outcome 
adversely. Feta! exposure during the second and third trimesters of pregnancy has been associated with fetal and neonatal 
morbidity and mortality. When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased rena} perfusion in the newborn. Oligohydramnios in the mother has also been reported, 
presumably representing decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors shouid be 
closely observed for hypotension, oliguria and hyperkalemia. H oliguria occurs, attention should be directed toward 


ZESTRIL” {lisinopri!) 


Support of blood pressure and renal perfusion with the administration of fluids and pressores as appropriate. Problems 
associated with prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE 
inhibitors, but it is not clear whether they are related to ACE inhibition, maternal hypertension or the underlying PA 
Another ACE inhibitor, enalapril, has been removed from the neonatal circulation by peritoneal dialysis and theoretically 
may be removed by exchange transfusion, although there is no experience with the fatter procedure. There is no experience 
with either of these procedures for removing lisinopril or other ACE inhibitors from the neonatal circulation. Nursing 
Mothers: Milk of lactating rats contains radioactivity following administration of “C lisinopril. It is not known whether 
this drug is excreted in human milk. Because many drugs are excreted in human miik, caution should be exercised 
when ZESTRIL is given to a nursing mother. Pediatrie Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS. ZESTRIL has been found to be generally well tolerated in controlled clinical trials involving 
2003 patients and subjects. The most frequent clinical adverse experiences in controlled trials with ZESTRIL were dizzi- 
ness (6.3%), headache (5.3%), fatigue (3.3%), diarrhea (3.2%), upper respiratory symptoms (3.0%), and cough (2.9%), 
ali of which were more frequent than in placebo-treated patients. For the most part, adverse experiences were mild 
and transient in nature. Discontinuation of therapy was required in 6.0% of patients. in clinical trials, the overall frequency 
of adverse experiences could not be related to total daily dosage within the recommended therapeutic dosage range. 
For adverse experiences which occurred in more than 156 of patients and subjects treated with ZESTRIL or ZESTRIL plus 
hydrochlorothiazide in controled clinical trials, comparative incidence data are listed in the table below. 


Percent of Patients in Controlled Studies 



























ZESTRIL ZESTRIL /Hydrochiorothiazide 

{n = 20031) (n = 644) Placebo 

Incidence Incidence {n = 207) 

(discontinuation) (discontinuation) incidence 
Dizziness 6.3 (0.6) 8.0 {0.9} 1.9 
Headache 5.3 (0.2) 4.3 (0.5) 1.9 
Fatigue 3.3 (0.2) 3.9 {0.5} 1.0 
Diarrhea 3.2 {0.3) 2.6 (0.3) 2.4 
Upper Respiratory Symptoms 3.0 (0.0) 4.5 {0.0} 0.0 
Cough 2.9 {0.4} 45 (0.8) 1.0 
Nausea 2.3 (0.3) 2.5 (0.2) 2.4 
Hypotension 1.8 (0.8) 1.6 (0.5) 0.5 
as 1.5 (0.4) 1.6 (0.2) 0.5 
Orthostatic Effects 1.4 {0.0} 3.4 (0.2} 1.0 
Asthenia 1.3 (0.4) 2.0 (0.2) 1.0 
Chest Pain 1.3 (0.1) 1.2 (6.2) 1.4 
Vomiting 1.3 (0.2) 1.4 (0.0) 0.5 
Dyspnea 1.1 (0.0) 0.5 (0.2) 1.4 
Dyspepsia 1.0 {0.0} 1.9 (0.0) 0.0 
Paresthesia 0.8 (0.0) 2.0 (0.2) 0.0 
impotence 0.7 (0.2) 1.6 (0.3} 0.6 
Muscle Cramps 0.6 (0.0) 2.8 (0.6) 0.5 
Back Pain 0.5 (0.0} 1.1 (0.0) 1.4 
Nasa! Congestion 0.3 (0.0) 1.2 {0.0} 0.0 
Decreased Libido 0.2 (0.1) 1.2 (8.0) 0.0 
Vertigo 0.1 (0.0) 1.1 (0.2) 0.0 






tincludes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or diuretic therapy. 


Clinical adverse experiences occurring in 0.3% to 1.0% of patients in the controlled trials and rarer, serious, possibly 
drug related events reported in uncontrolied studies or marketing experience included: BODY AS A WHOLE: Chest dis- 
comfort, fever, flushing. CARDIOVASCULAR: Angina pectoris. orthostatic hypotension, rhythm disturbances. tachy- 
cardia, peripheral edema, palpitation. DIGESTIVE: Abdominal pain, anorexia, constipation, flatulence. METABOLISM: 
Gout. MUSCULOSKELETAL: Joint pain. shoulder pain. NERVOUS SYSTEM/PSYCHIATRIC: Depression. somnolence, 
insomnia, stroke. RESPIRATORY SYSTEM: Bronchitis, sinusitis, pharyngeal pain. UROGENITAL: Oliguria, progressive 
azotemia, acute renal failure. OTHER: Biurred vision, pruritus, urinary tract infection, vasculitis of the legs. ANGIOEDEMA: 
Angioedema has been reported in patients receiving ZESTRIL (0.1%). Angioedema associated with laryngeal edema 
may be fatal. If angioedema of the face, extremities, lips, tongue, glottis and/or larynx occurs, treatment with ZESTRIL 
shouid be discontinued and appropriate therapy instituted imme lately. (See WARNINGS.) HYPOTENSION: In hyper- 
tensive patients, hypotension occurred in 1.2% and syncope occurred in 0.1% of patients. Hypotension or syncope 
was a cause of discontinuation of therapy in 0.5% of hypertensive patients. (See WARNINGS.) in patients with congestive 
heart failure, hypotension occurred in 5.0% and syncope occurred in 1.0% of patients. These adverse experiences 
were Causes for discontinuation of therapy in 1.3% of these patients. Clinical Laboratory Test Findings. Serum Electro- 
lytes: Hyperkalemia. (See PRECAUTIONS. ) Creatinine, Blood Urea Nitrogen: Minor increases in blood urea nitrogen 
and serum creatinine, reversible upon discontinuation of therapy, were observed in about 2.0% of patients with essentia! 
hypertension treated with ZESTRIL alone. increases were more common in patients receiving concomitant diuretics 
and in patients with renal artery stenosis. (See PRECAUTIONS, } Reversible minor inc reases in blood urea nitrogen and 
Serum Creatinine were observed in approximately 9.19% of patients with congestive heart failure on concomitant diuretic 
therapy. Frequently, these abnormalities resolved when the dosage of the diuretic was decreased. Hemogiobin and 
Hematocrit: Smali decreases in hemoglobin and hematocrit {mean decreases of approximately 0.4 g% and 1.3 vol%, 
respectively} occurred frequently in patients treated with ZESTRIL but were rarely of clinical importance in patients 
without some other cause of anemia. in clinical trials, iess than 0.1% of patients discontinued therapy due to anemia. 
Other (Causal Relationship Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin have occurred. Over. 
all, 2.0% of patients discontinued therapy due to laboratory adverse experiences, principally elevations in blood urea 
nitrogen (0.6%), serum creatinine (0.5%), and serum potassium (0.4%), OVERDOSAGE. The oral LDso of lisinopril 
is greater than 20 g/kg in mice and rats. The most likely manifestation of overdosage would be hypotension, tor which 
the usual treatment would be intravenous infusion of normal saline solution. Lisinopri can be removed by hemodialysis. 
DOSAGE AND ADMINISTRATION. initial Therapy: in patients with uncomplicated essential hypertension not on diuretic 
therapy, the recommended initial dose is 10 mg once a day. Dosage should be adjusted according te blood pressure 
response, The usual dosage range is 20-40 mg per day administered in a single daily dose. The antihypertensive effect 
may diminish toward the end of the dosing interval regardiess of the administered dose, but most commonly with a 
dose of 10 mg daily. This can be evaluated by measuring blood pressure just prior te dosing to determine whether 
satisfactory contro! is being maintained for 24 hours. if itis not, an increase in dose should be considered. Doses up fo 
80 mg have been used but do not appear to give greater effect. If blood pressure is not controlled with ZESTRIL alone, a 
low dose of a diuretic may be added. Hydrochlorothiazide, 12.5 mg has been shown to provide an additive effect. After 
the addition of a diuretic, it may be possible to reduce the dose of ZESTRIL. Diuretic Treated Patients: In hypertensive 
patients who are eh being treated with a diuretic. symptomatic hypotension may occur occasionally following the 
initial dose of ZESTRIL. The diuretic should be discontinued, if possible, for two to three days before beginning therapy 
with ZESTRIL to reduce the likelihood of hypotension. (See WARNINGS.) The dosage of ZESTRIL should be adjusted 
according to blood pressure response. if the patient's biood pressure is not controlled with ZESTRIL alone, diuretic 
therapy may be resumed as described above. If the diuretic cannot be discontinued, an initial dose of 5 mg should be 
used under medical supervision for at least two hours and until blood pressure has stabilized for at feast an additional 
hour. (See WARNINGS and PRECAUTIONS, Drug Interactions.) Concomitant administration of ZESTRIL with potassium 
supplements, potassium salt substitutes, or potassium-sparing diuretics may lead to increases of serum potassium. 
(See PRECAUTIONS.) Use in Elderly: in general, blood pressure response and adverse experiences were similar in 
younger and older patients given similar doses of ZESTRIL. Pharmacokinetic Studies, however, indicate that maximum 
blood levels and area under the plasma concentration time curve (AUC) are doubled in older patients so that dosage ad- 
justments should be made with particular caution. Dosage Adjustment in Renal impairment: The usual dose of ZESTRIL 
(10 mg} is recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up to approximately 
3 mg/dL). For patients with creatinine clearance = 10 mL/min < 30 mL/min (serum creatinine = 3 mg/dL), the first 
dose is 5 mg once daily. For patients with creatinine clearance < 10 mL/min (usually on hemodialysis) the recommended 
initial dase is 2.5 mg. The dosage may be titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 


Renai Status 

















Creatinine Clearance mL/min initial Dose mg/day 










Normal Renal Function to Mild impairment >30 10 
Moderate to Severe impairment 210 <30 5 
Dialysis Patients <10 2.5t 





‘Dosage or dosing interval should be adjusted depending on the blood pressure response. 
Stuart Pharmaceuticals, A business unit of ICI Americas ing.. Wilmington, DE 19897 USA Rev J 4/89 
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of lisinopril, a nonsulfhydry! angiotensin-converting enzyme inhibitor. J Pharm Sci. 1986:75:395-397. 









Comparative Effects of Theophylline and Isosorbide Dinitrate — 
on Exercise Capacity in Stable Angina Pectoris and Their 
Mechanisms of Action 

Filippo Crea, Giuseppe Pupita, Alfredo R. Galassi, Hassan El-Tamimi, 
juan Carlos Kaski, Graham J. Davies, and Attilio Maser 


We performed a single-blind, randomized trial of the effect of intravenous 
theophylline and sublingual isosorbide dinitrate on exercise capacity in 10 
patients with stable angina pectoris and positive exercise test. After the 


administration of theophylline, the time to onset of angina, the heart rate- 
blood pressure product at 1-mm of ST-segment depression and the exer- 
cise duration were similar to those after isosorbide dinitrate. Both drugs 
significantly improved all these parameters compared to the baseline 


exercise test. The effect of the 2 drugs on the diameter of large epicardial 
coronary arteries was then assessed in 10 other patients using computer- 
ized quantitative angiography. Whereas theophylline failed to increase the 
coronary diameter compared to the control value, the subsequent adminis- 
tration of isosorbide dinitrate significantly increased the coronary diame- 
ter. Thus, in patients with stable angina, theophylline and isosorbide 
dinitrate improve exercise capacity to a similar degree, but their mecha- 
nisms of action differ. A novel mechanism of action, redistribution of 
coronary blood flow from the nonischemic to the ischemic myocardium, 
could explain the antiischemic effect of theophylline. 
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Occurring During Percutaneous Transluminal Coronary 
Angioplasty — | 

Jan Piessens, Tomasz Brzostek, Francis Stammen, Johan Vanhaecke, 
Matty Vrolix, and Hilaire De Geest 





We studied the antiischemic properties of intravenously administered 
diltiazem during 1-vessel percutaneous transluminal coronary angio- 

plasty. In this study of 42 patients, a beneficial effect of diltiazem on the 
- development of myocardial ischemia was observed. Pretreatment by intra- 

venous diltiazem during percutaneous transluminal coronary angioplasty 
may allow for longer inflation times. 





_ Return to Work After Percutaneous Transluminal Coronary 


= Sheila T. Fi zgerald, Diane M. Becker, David D. Celentano, Robert Swank, 
-and Jeffrey Brinker aes 


We prospectively studied 82 patients employed in the 6-month period 
before percutaneous transluminal coronary angioplasty (PTCA) to deter- 
mine the patterns of lag time in work resumption and the factors associ- 
ated with early return to work. Cox proportional hazards analysis revealed 


3 return to work | month after PTCA, independent of having a recent. i 
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the psychosocial construct, self-efficacy, to be the strongest predictor of : 
























myocardial infarction, disease severity, age, job classification, gender and 
physician advice (p = 0.0006). These findings suggest that although 
PTCA is considered relatively safe and minimally invasive by the medical 
community, patients may still lack confidence in their ability to return to 





work even when physically capable of doing so. 
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Frequency and Significance of Early Postoperative Silent _ 
Myocardial Ischemia in Patients Having Peripheral Vascular 
Surgery am ae ER 

Pamela Ouyang, Gary Gerstenblith, Wiliam R. Furman, Peter J. Golueke, 
and Sidney O. Gottlieb 





Coronary artery disease causes the majority of perioperative complica- 
tions after peripheral vascular surgery. Twenty-four patients with stable 
coronary disease undergoing peripheral vascular revascularization were 
studied using ambulatory electrocardiographic monitoring to determine 
the incidence of perioperative asymptomatic myocardial ischemia. Pa- 
tients were monitored preoperatively (17 + 1 hours), intraoperatively and 
postoperatively (29 + 2 hours) using 4-channel calibrated amplitude- 
modulated units. Fifteen patients (63%) had early postoperative silent — 
ischemia; 3 also had preoperative and 5 intraoperative silent ischemia. 
Patients with and without silent ischemia had similar clinical characteris- 
tics, perioperative antianginal medications and postoperative episodes of 
hemodynamic instability. However, 8 of 15 patients (53%) with silent 
ischemia had postoperative clinical ischemic events (2 had myocardial 
infarction, 2 had new congestive heart failure and 4 had new rest angina), 
versus only | of 9 patients (11%) without silent ischemia who had angina 
(p <0.05). Early postoperative silent ischemia occurs frequently after 
vascular surgery and is associated with postoperative clinical ischemic 
events. i 


1117 __ 
_ Comparison of ` 





Comparison of Three Bayesian Methods to Estimate Posttest 
_ Probability in Patients Undergoing Exercise Stress Testing 
Anthony P. Morise and Robert D. Duval — | 


To determine whether recent refinements in Bayesian methods have led to 
improved diagnostic ability, we compared 3 methods using Bayes’ theo- 
rem for estimating posttest probability after exercise stress testing. Each 
method differed in the number of variables considered in the probability 
estimate. There were 436 patients who underwent stress testing followed 
within 2 months by coronary arteriography. Coronary artery disease was 
seen in 169 (38%). All 3 methods underestimated disease presence at 
lower probabilities and overestimated disease presence at higher probabili- 
ties. Comparison of sensitivity and specificity at all thresholds of probabili- 
ty revealed that method C (CADENZA) was significantly more sensitive 
and less specific than methods A and B. We conclude that for excluding 








_ coronary disease, CADENZA was better than methods A and B, but eT " 





methods A and B were better for confirming disease presence.  — — > a 
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Upright Bicycle Exercise Echocardiography After Coronary 
Artery Bypass Grafting SE d 

_ Stephen G. Sawada, Walter E. Judson, Thomas Ryan, 
Wiliam F. Armstrong, and Harvey Feigenbaum 





Upright bicycle exercise echocardiography was successfully performed in 
41 patients who also underwent coronary an giography a mean of 6.3 years 
after coronary artery bypass grafting. Exercise-induced wall motion ab- 
normalities were present in 33 of 35 patients (94%) who had nonrevascu- 
larized vessels defined as obstructed bypass grafts or obstructed native 
vessels. Exercise-induced abnormalities were absent in 5 of 6 patients 
(83%) who were completely revascularized. Exercise-induced wall motion 
abnormalities were localized to the territory of the left anterior descending 
(LAD) artery or to a combined right (R) coronary-left circumflex (LC) 

region of circulation. Exercise-induced wall motion abnormalities were 
present in 89% of LAD regions and 88% of -R-LC regions that had 
nonrevascularized vessels. These abnormalities were absent in 93% of _ 
LAD artery regions and 80% of R-LC regions that had revascularized 
vessels. | | E 










ARRHYTHMIAS AND CONDUCTION DISTURB ANES 
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Role of Intravenous Isoproterenol in the Electrophysiologic 
Induction of Atrioventricular Node Reentrant Tachycardia in 





Patients with Dual Atrioventricular Node Pathways 


Edward C. Huycke, Wen-Ter Lai, Ngai X. Nguyen, Edmund C. Keung, and 
Ruey J. Sung "A e i R 


To assess the role of intravenous isoproterenol for the facilitation of elec- 


trophysiologic induction of atrioventricular (AV) node reentrant tachy- 
cardia, 20 patients with dual AV node pathways who lacked inducible AV _ 
node reentrant tachycardia had a constant isoproterenol infusion adminis- — 
tered and underwent repeat electrophysiologic study. Six (30%) of 20- 
patients (group I) had inducible AV node reentrant tachycardia during 

isoproterenol infusion whereas the other 14 (70%) patients (group II) did 


not. Clinical paroxysmal supraventricular tachycardia was documented in 
~ all 6 group I patients compared to 3 (21 %) of the 14 group II patients (p= 
0.002). We conclude that intravenous isoproterenol is a rather sensitive 
and highly specific adjunct to programmed electrical stimulation for prov- 
ocation of AV node reentrant tachycardia in patients with dual AV node 
pathways but without inducible sustained AV node reentry. 











The only beta blocker 
as effective as quinidine 


„Without quinidine complications. | 
In randomized, double-blind crossover studies,'? Sectral® (acebutolol HCI) 


was shown to be as effective as quinidine in reducing spontaneous 
oremature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.”* 


Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal responses obtained, generally between 600 mg 
to 1200 mg per day. 4 






Please see brief summary on adjacent page. 


"Sectral® is not indicatedfor ventricular tachycardia. 4 
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acebutolol HCI 


For uncomplicated 
control of PVCs. 










acebutolol HCI 


_ For uncomplicated control of PVCs. 


Brief summary of prescribing information) 


-ONTRAINDICATIONS: SECTRAL is contraindicated in: 1} persistently severe bradycardia; 
Jsecond- and third-degree heart biock; 3) overt cardiac failure; and 4) cardiogenic shock, (See 
A GS) 
GS: CARDIAC FAILURE: Sympathetic stimulation may be essentiai for support of the 
ed myocardial contractility, and its inhibition by B - 
cipitate more severe failure. 





































SEASE FOLLOWING ABRUPT WITHDRAWAL: 
certain B-blocking agents in patients with coronary 


RONCHOSPASTIC DISEASE SHOULD, IN 

RAL, NO BLOCKER. Because of its relative §,-selectivity, however, low 

doses. of SECTRAL may be used with caution in patients with bronchospastic disease who do not 

_fespond to, or who cannot tolerate, alternative treatment. Since B -selectivity is not absolute and 
dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 

V 


bronchodilator, such as a theophylline or a 6 .-Stimulant, should be made available in advance 
with instructions concerning its use. 
ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 

Scki 1 i lOr Surgery 1S Controversial. B -adrenergic receptor blockade impairs 

-adrenergically mediated reflex stimuli. While this might be of 
ponse, the risk of excessive myocardial depression during 
ced and difficulty in restarting and maintaining the heartbeat has 
H treatment is continued, particular care should be taken when 
press the myocardium, such as ether, cyclopropane and 
is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 
ompetitive inhibitor of B-receptor agonists and its effect on the heart can be 
nistration of such agents (e.g., dobutamine or isoprotereng!—see 

ons of excessive vagal tone {e.g., profound bradycardia, hypotension) 


ANO HYPOGLYCEMIA: 8 -blockers may potentiate insulin-induced hypoglycemia and 
of its manifestations such as tachycardia: nowever, dizziness and sweating are usually 
nificantly affected. Diabetic patients should be warned of the possibility of masked 

¥ce i 
i OSIS: § -adrenergic blockade may mask certain clinical signs (tachycardia) of 
Aisam. Abrupt withdrawal of B-biockade may precipitate a thyroid storm: therefore, 
pected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
je Monitored closely. 

JTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutoto! 
datients with renal insufficiency have not been performed in the U S. Foreign published 











Al. S id be used cautiously in patients with impaired hepatic function. 
RAL has been used suc 










ion, Although cardiac failure rarely occurs in properly selected patients, those 
-adrenergic blocking agents should be advised to Consult a physician if they 
sym CHF, or unexplained respiratory symptoms. 
is should als hypertensive reactions fram concomitant use 
EHEC: e nasal decongestants commonly used in OTC coid 





ONS: Catecholamine-depleting drugs, such as reserpine, may have an 
given with B-blocking agents. Patients treated with SECTRAL plus 
rs Should, therefore, be observed closely fore 


ibutamide or warfa 
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of up to 1000 mg/kg/day, had no signifi 
TERATOGENIC EFFECTS: Pregnancy Cat 











performed in these species with diacetolo! 
to 1800 mg/kg/day in rats). Other than a si 
mg/kg/day diacetolol, a level at which food 
rabbit dams and a non-statistically Significant increase in incidenc 
fetuses from dams treated with 1800 mg/kg/day diace 


in the U.S.; however, studies have shown that both acebut 
Because animal teratology studies are not always predicti 
should be used during pregnancy only if the potential be 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is í 
unknown. Studies in animals have not shown any effect of SECTRAL on the usuat courseaf  .. 
labor and delivery. Sass 
Nursing Mothers: Acebutolol and diacetoloi also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Satety and effectiveness in children have not been established, 


The following table shows the frequency of treatment-reiated side effects derived from T 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These. _ 
patients received SECTRAL, propranolol, or hydrochiorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 


Body System/ SECTRAL 
Adverse Reaction (N=1002} 
Yo 


Hydrochioro- 
thiazide 
{(N=178) 

% 


Propranolol 


rhe Placebo 
z424 
{ rs ) 


(N=314} 
% 
Settee titi tenet ene 

Cardiovascular 
Chest Pain 
Edema 

Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 

Dermatologic 
Rash 

Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 

Genitourinary 
Micturition 
(frequency) 

Musculoskeletal 
Arthraigia 
Myaigia 

Respiratory 
Cough 1 1 
Dyspnea 4 6 
Rhinitis 2 1 

Special Senses 
Abnormai Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/nypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Muscutoskeletat: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: Conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 


SECTRAL dose is shown below. {Data from 266 hypertensive patients treated for 3 months on 
a constant dose.} 


400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System {N=132} {N=63) {N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal! 2% 3% 4% cnt 
Central Nervous oe 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have r oat 
been reported with other B -blocking agents and shouid also be considered as potential adverse POS 
effects of SECTRAL. . Ree 
Central Nervous System: Reversible mental depression progressing to catatonia {an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance — 
(neuropsychometrics). 

Cardiovascular. intensification of AV block {see CONTRAINDICATIONS). 
Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. E 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. : 
Miscellaneous: Reversibie alopecia and Peyronie’s disease. The oculomucocutaneous ne 
syndrome associated with the B-biocker practolol has not been reported with SECTRAL during: : 
investigational use and extensive foreign clinical experience. Ca 


























Keep at room temperature. Approximately 25°C (77°F). 
*Sectrai® is not indicated in ventricular tachycardia. 
t. Shapiro W, Park J, Koch GG: Variability of spontaneous and exercise-induced ventricular arrhythmias inthe a 





















absence and presence of treatment with acebutolol or quinidine, Am J Cardiol 1982:49:445-464. 0 05 
2. Chandraratna PAN: Comparison of. acebutolol with propranolol, quinidine, and placebo: Results of three... 
multicenter arrhythmia trials. Am Heart J 1985;109;1198-1204 os hee © igs), SRE i, 
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No longer will 
increasing your 


ad budget 
be an 
act of faith. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
It's comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It’s impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 


prod Was “Ime | 
carefully accumulated as the ads 
And employed state-of-the-art data 
techniques. ON 

Its conclusive. It links higher levels of 
advertising with significant increases in sales 
plus increased profits. Considering the = 
competitive crunch of today’s marketplace, these 
kinds of results mean increasing your advertising — 
is no longer an act of faith— but an act of survival. 


Shoot down your old notions, and put the 
research to work. . 
Armed with these new, easy-to-understand — | 
facts and figures, you can now have powerfu 
decision support for i increasing your trade 
magazine ad budget. < 7 

For aei cony of the “Summary of the 

on your ee op: to: Marke ing 
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Correlation of Amiodarone Dosage, Heart Rate, QT Interval 
and Corneal Microdeposits with Serum Amiodarone and 
Desethylamiodarone Concentrations 

P. Timothy Pollak, Arjun D. Sharma, and S. George Carruthers 


Few studies have shown any pharmacokinetic-dynamic relations for amio- 
darone. We collected data on heart rate, corrected QT interval, corneal 
microdeposit grade, cumulative dose and serum concentrations of amioda- 
rone and desethylamiodarone (DEA) over 1 year for 27 patients. Linear 
relations were evident between concentrations of amiodarone and DEA 
and log mean cumulative dose/kg of amiodarone. We demonstrated con- 
centration-response curves for heart rate, microdeposits and corrected QT 
interval. Estimates of mean elimination half-lives for the study population 
were 56 days for amiodarone and 129 days for DEA. The long half-lives of 
amiodarone and DEA complicate the demonstration of concentration- 
response relations. The assumption that steady-state concentrations are 
achieved should be avoided during the first year of therapy and the use of 
other parameters to assess adequacy of amiodarone should be studied 
further. 
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Adverse Effects of Permanent Cardiac Internal Defibrillator 
Patches on External Defibrillation 

Joseph T. Walls, John C. Schuder, Jack J. Curtis, 

Hugh E. Stephenson Jr., Wayne C. McDaniel, and Greg C. Flaker 


At the time of left ventricular aneurysm resection, antiarrhythmic opera- 
tions or other open-heart operative procedures in patients with ventricular 
dysrhythmia, permanent internal defibrillator patches may be inserted 
without the energy source. To assess the effects of permanent internal 
defibrillator patches on external defibrillation, we studied 7 anesthetized 
calves. We performed fibrillation-defibrillation studies before and after 
insertion of permanent internal defibrillator patches (model L67, 27 cm2, 
Intec Systems), 1 on each ventricle. We observed a significant lowering of 
the percent successful defibrillation (p <0.001) for a shock intensity of 
approximately 400 J. The presence of permanent large internal cardiac 
defibrillator electrode patches on the right and left ventricles reduces the 
probability of achieving successful defibrillation externally with unidirec- 
tional shocks. We question the wisdom of implanting biventricular perma- 
nent large internal cardiac defibrillator patches without the energy source. 
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Sequelae of Nonsustained Polymorphic Ventricular 
Tachycardia Induced During Programmed Ventricular 
Stimulation 

William H. Kou, Michael de Buitleir, Alan H. Kadish, and Fred Morady 


We examined the results of 206 consecutive programmed ventricular 
stimulation studies performed in 130 patients to determine the sequelae of 


nonsustained polymorphic ventricular tachycardia (VT) induced during 
programmed stimulation. Nonsustained polymorphic VT was found to not 
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What’s a common denominator 
of most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 


common among heart attack victims,’ and nearly two-thirds of people 


who developed myocardial infarction in the PROCAM Trial had a 


low (<35 mg/dL) baseline level of HDL cholesterol? 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL in the 
landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of 
serious coronary events was similar for LOPID and placebo subgroups 
with baseline HDL above the median (404 mg/dL)? 


A powerful case for 


® 4 
PID) Se 


: 600-m 


gemfibrozil ) foies 


RAISES HDL TO DRAMATICALLY REDUCE HEART ATTACK 


in addition to elevated LDI and 


(CHD) in Type lib patients with low HDL, 
bile acid sequestrants 


LOPID is indicated for reducing the risk of coronary heart disease 
diet. exercise, and other pharma ologic agents such as 


triglycerides, and who have had an inadequate response to weight loss, 


and nicotinic acid. 

‘Defined as a combination of definite coronary death and/or definite myocardial infarction. 
References: 1. Goldstein JL, Hazzard WR, Sc hrott HG, Bierman EL, Motulsky AG. I iyperlipidemia in Coronary 
infarction. | Clin Invest. 1973 52:1533-1543. 2. Assmann G. Schulte H. PROCA \4-Trial: Prospective Cardlovas¢ ula 


3. Data on file, Medical Affairs Dept, Parke-Davis 


heart disease. |. Lipid levels in 500 survivors of myo ardial 


r Münster Trial. Zurich: Panscientia Verlag; 1986:8-9 
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Before prescribing, please see full prescribing information. 
A Brief Summary hows 
CLINICAL PHARMACOLOGY. ro (gemfibrozil capsules and tablets) is a lipid regulating 
agent which decreases serum trig ycerides and very low density lipoprotein (VLDL) choles- 
terol, and increases high density lipoprotein (HDL) cholesterol. While modest decreases in 
total and low density lipoprotein (LDL) cholesterol may be observed with Lopid therapy, 
treatment of patients with elevated triglycerides due to Type IV hyperlipoproteinemia often 
results in a rise in LDL-cholesterol. LDL-cholesterol levels in Type llb patients with elevations 
of both serum LDL-cholesterol and triglycerides are, in general, minimally affected by Lopid 
treatment; however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid 
increases levels of high density lipoprotein (HDL) subfractions HDL, and HDL, , as well as 
apolipoproteins Al and All. Epidemiological studies have shown that both low HDL-choles- 
terol and high LDL-cholesterol are independent risk factors for coronary heart disease. 

In the Helsinki Heart Study, a large, randomized, double-blind, placebo-controlled, 
primary prevention trial in 4081 male patients between the ages of 40 and 55, Lopid therapy 
was associated with significant reductions in total plasma triglycerides and a significant 
increase in high density lipoprotein cholesterol. Moderate reductions in total plasma choles- 
terol and low density lipoprotein cholesterol were observed for the Lopid treatment group as 
a whole, but the lipid response was heterogeneous, especially among different Fredrickson 
Types. The study involved subjects with serum non-H DL-cholesterol of over 200 mg/dL and 
no previous history of coronary heart disease. Over the five-year study period, the Lopid 
group experienced a 34% reduction in serious coronary events (sudden cardiac deaths 
plus fatal and nonfatal myocardial infarctions) compared to apapa There was a 37% 
reduction in nonfatal myocardial infarction. The greatest reduction in the incidence of serious 
coronary events occurred in Type Ilb patients who had elevations of both LDL-cholesterol 
and total plasma triglycerides. This subgroup of Type llb gemfibrozil group patients had a 
lower mean HDL-cholesterol level at baseline than the Type lla subgroup that had elevations 
of LDL-cholesterol and normal plasma triglycerides. The mean increase in HDL-cholesterol 
among the Type Ilb patients in this study was 12.6% compared to placebo. It is not clear to 
what extent the findings of the Helsinki Heart Study can be extrapolated to other segments of 
the dyslipidemic population not studied or to other lipid-altering drugs. 

The mechanism of action has not been definitively established. In man, Lopid has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids, 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 
ance of VLDL carrier apolipoprotein B, leading to a decrease in VLDL production. 

Animal studies suggest that Lopid may, in addition to elevating HDL-cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol from the liver, and increase excretion of cholesterol in the feces. 

Lopid is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multiple 
doses. Plasma levels appear proportional to dose and do not demonstrate accumulation 
across time following multiple doses. 

Lopid mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl and a carboxy! metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine, mostly as the glucuronide conjugate, with less than 2% 
excreted as unchanged gemfibrozil. Six percent of the dose is accou nted for in the feces. 
CON TSAINDICATE NS. 1. Hepatic or severe renal dysfunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS), 

3. ely to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. In the first of those studies, the Coronary Drug Project, 1000 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 
was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 
treated subjects, but twice as many clofibrate-treated subjects developed cholelithiasis and 
cholecystitis requiring surgery. In the other study, conducted by the World Health Organi- 
zation (WHO), 5000 subjects without known coronary heart disease were treated with 
clofibrate for five years and followed one year beyond. There was a statistically significant, 
29%, higher total mortality in the clofibrate-treated than in a comparable placebo-treated 
control group. The excess mortality was due to a 33% increase in noncardiovascular causes, 
including malignancy, post-cholecystectomy complications, and pancreatitis. The higher risk 
of clofibrate-treated subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial was 
completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 (2.7%) in the 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 
deaths in the Lopid group and 43 in the placebo group. Because of the more limited size of 
the Helsinki Heart Study, this result is not Statistically-significantly different from the 29% 
excess mortality seen in the clofibrate group in the separate WHO study. Noncoronary heart 
disease related mortality showed a 58% greater trend in the Lopid group (43 vs 27 patients 
in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the trial 
and in the 11 years since the trial was completed was 39 in the Lopid group and 29 in the 
placebo group (difference not Statistically significant). This includes 5 basal cell carcinomas 
in the Lopid group and none in the placebo group (p=0.06; historical data predicted an 
expected 4.7 cases in the placebo group). Gi malignancies and deaths from malignancies 
were not statistically different between Lopid and placebo subgroups. Follow-up of the 
Helsinki Heart Study participants will provide further information on cause-specific mortality 
and cancer morbidity. 

2. A gallstone prevalence substudy of 450 Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gallstones during the study within the Lopid treatment 
group (7.5% vs 4.9% for the placebo group, a 55% excess for the gemfibrozil group). A trend 
toward a greater incidence of gallbladder Surgery was observed for the Lopid group (17 vs 
11 subjects, a 54% excess). This result did not differ Statistically from the increased inci- 
dence of cholecystectomy observed in the WHO Study in the group treated with clofibrate. 
Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected, gallbladder studies are indicated. Lopid therapy 
should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been demonstrated 
and because liver and interstitial cell testicular tumors were increased in rats, Lopid should 
be administered only to those patients described in the INDICATIONS AND USAGE section. 
If a significant serum lipid response is not obtained, Lopid should be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants are 
given in conjunction with Lopid. The dosage of the anticoagulant should be Sk to 
maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, leading 
in a high proportion of cases to acute renal failure. In most subjects who have had an 
unsatisfactory lipid response to either drug alone, the possible benefit of combined therapy 
with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyo- 
lysis, and acute renal failure (See Drug Interactions). The use of fibrates alone. including 
Lopid, may occasionally be associated with myositis. Patients receiving Lopid and complain- 
ing of muscle pain, tenderness, or weakness should have prompt medical evaluation for 
myositis, including serum creatine kinase level determination. If myositis is suspected or 
diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% of 
male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain that 

the lipid levels are consistently abnormal. Before instituting Lopid therapy, every attempt 

should be made to control serum lipids with appropriate diet, exercise, weight loss in obese 
patients, and control of any medical problems such as diabetes mellitus and hypothyroidism 
that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, and 
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the drug withdrawn if lipid re: is inadequate after 3 months of therapy. 

3. Drug Interactions —(A) statin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfactory 
lipid response to either drug alone, the possible benefit of combined therapy with lovastatin 
and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyolysis, and acute 
renal failure. There is no assurance that periodic monitoring of creatine kinase will prevent 
the occurrence of severe myopathy and kidne damage. 

(B) Anti ulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU LANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETER- 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies have 
been conducted in rats and mice at one and ten times the human dose. The incidence of 
benign liver nodules and liver carcinomas was Significantly increased in high dose male rats. 
The incidence of liver carcinomas increased also in low dose males, but this increase was not 
Statistically significant (p=0.1). In high dose female rats, there was a significant increase in 
the combined incidence of benign, and malignant liver neoplasms. In male and female mice, 
there were no statistically significant differences from controls in the incidence of liver tumors, 
but the doses tested were lower than those shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and Statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation 
following Lopid administration to the male rat. An adequate study to test for peroxisome 
proliferation has not been done in humans but changes in peroxisome morpholo y have 
been observed. Peroxisome proliferation has been shown to occur in humans wit either of 
two other drugs of the fibrate class when liver biopsies were compared before and after 
treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmitted 
to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. 
These studies have revealed no evidence of impaired fertility in females or harm to the fetus 
due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed at the high 
dose levels. No significant malformations were found among almost 400 offspring from 36 
litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in Pregnancy should be reserved for those patients 
where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil in 
rats, a decision should be made whether to discontinue nursing or discontinue the drug, 
taking into account the importance of the drug to the mother. 

7, Hematologic Changes-— Mild hemoglobin, hematocrit and white blood cell decreases 
Nave been observed in occasional patients following initiation of Lopid moiapy. However, 
these levels stabilize during long-term administration. Rarely, severe anemia, leukopenia, 
thrombocytopenia, and bone marrow hypoplasia have been reported. Therefore, periodic 
blood counts are recommended during the first 12 months of Lopid administration. 

8. Liver Function—Abnormal liver function tests have been observed occasionally during 
Lopid administration, including elevations of AST (SGOT), ALT (SGPT), LDH, bilirubin, and 
alkaline phosphatase. These are usually reversible when Lopid is discontinued. Therefore 
periodic liver function studies are recommended and Lopid therapy should be terminated if 
abnormalities persist. 

9. Use in Children — Safety and nonoy in children have not been established. 
ADVERSE REACTIONS. In the double-blind controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. In that study, the following adverse reactions 
were statistically more frequent in subjects in the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% (23.8%); dyspepsia, 19.6% (11.9%); abdominal 
pain, 9.8% (5.6%); acute appendicitis, 1.2% (0.6%); atrial fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant difference 
between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); fatigue, 

3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% (1.3%); 
venga 1.5% (1.3%); constipation, 1.4% (1 3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 64% 
excess, which is not statistically different from the excess of gallbladder surgery observed in 
the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the Lopid 
group. These included hypesthesia, paresthesias, and taste perversion. Other adverse 
reactions that were more common among Lopid treatment group subjects but where a 
causal relationship was not established include cataracts, peripheral vascular disease, and 
intracerebral hemorrhage. 

From other studies it seems probable that apy is causally related to the occurrence of 
musculoskeletal symptoms (See WARNING ), and to abnormal liver function tests and 
hematologic changes (See P ECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below by 
system. These are categorized according to whether a causal relationship to treatment with 

Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Ner- 
vous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased libido, 
depression, headache; Eye: blurred vision; Genitourinary: impotence: Musculoskeletal: 
oropa, myasthenia, myalgia, painful extremities, arthralgia, synovitis, rhabdomyolysis 
(see WARNINGS and Drug Interactions under PRECAUTI NS); Clinical Laboratory: 
increased creatine phosphokinase, increased bilirubin, increased liver transaminases (AST 
[SGOT], ALT [SGPT]), increased alkaline phosphatase; Hematopoietic: anemia, leukopenia, 
bone marrow hypoplasia, eosinophilia; Immunologic: angioedema, laryngeal edema, 
urticaria; Integumentary: exfoliative dermatitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystoles: 
Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confusion, convul- 
sions, syncope; Eye: retinal edema: Genitourinary: decreased male fertility; Clinical Labora- 
tory: positive antinuclear antibody; Hematopoietic: thrombocytopenia: Immunologic: 

DoE araks, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 

DO E AND ADMINISTRATION. The recommended dose for adults is 1200 mg adminis- 
tered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
symptomatic supportive measures should be taken should it occur. 


References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary prevention 
trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 1987:317:1237-1245. 
2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline in the incidence of 
coronary heart disease in the Helsinki Heart Study. JAMA 1988; 260:641-651. 

3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of chylomicron 
metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited Disease, 5th ed., 
McGraw-Hill, 1983, Chap. 30, pp. 622-642. 


Caution — Federal law prohibits dispensing without prescription. 
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be a useful predictor of the outcome of programmed ventricular stimula- 
tion. The use of nonsustained polymorphic VT as an endpoint for stimula- 
tion would be likely to improve the specificity of programmed ventricular 
stimulation by limiting the induction of sustained nonclinical arrhythmias 
that require countershock, but at the cost of significantly impairing the 
yield of monomorphic VT. 
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Effects of Diuretic Therapy and Exercise-Related Arrhythmias 
in Systemic Hypertension 

Vasilios Papademetriou, Aldo Notargiacomo, Donald Heine, 

Ross D. Fletcher, and Edward D. Freis 


Twenty patients with uncomplicated systemic hypertension underwent 
exercise treadmill testing twice while receiving placebo and twice while 
receiving hydrochlorothiazide. Data were collected at rest, at peak exer- 
cise and 10 minutes after exercise. Serum potassium, magnesium and 
plasma catecholamines increased significantly with exercise. There was no 
rebound hypokalemia in the recovery period. Occasional ventricular pre- 
mature complexes were noted in all phases of the study. There was no 
difference, however, in the frequency or complexity of arrhythmias be- 
tween placebo and treatment periods. 
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Effects of Atenolol on Left Ventricular Hypertrophy and Early 

Left Ventricular Function in Essential Hypertension 

John W. Allen, Pamela J. Kaiser, and Anna Montenegro 


We used M-mode and Doppler echocardiographic techniques to assess 
changes in left ventricular (LV) hypertrophy after 10, 30 and 50 weeks of 
atenolol therapy (50 or 100 mg once daily) in 19 patients with essential 
hypertension. Decreased total wall thickness and increased radius to thick- 
ness ratio suggest a trend toward regression of LV hypertrophy with 
sustained atenolol treatment. 
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Decreased Spontaneous Heart Rate Variability in Congestive 
Heart Failure 


Giancarlo Casolo, Enrico Balli, Tamara Taddei, John Amuhasi, and 
Cesare Gori 


Several heart rate (HR) abnormalities have been described in patients 
with congestive heart failure (CHF). In the present study we assessed HR 
variability from 24-hour Holter tape analysis in 20 CHF patients and 20 
subjects without cardiac disease. HR variability, calculated as the mean 
hourly HR standard deviation and the 24-hour RR histogram variation, 
was found to be markedly and significantly decreased in CHF patients 
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SQUIBB 


In hypertension, in heart failure* 


A BALANCE OF BENEFITS FOR 
YOUR OLDER CV PATIENTS 


è Promotes LVH regression’ 

e Tends to sustain cerebral blood flow? 

è Does not adversely affect lipid profile ` 
e Tends to sustain renal blood flow* 


*CAPOTEN is indicated for the treatments of both hypertension and heart 
failure. CAPOTEN may be used as initial therapy only for hypertensive 
patients with normal renal function in whom the risk of neutropenia/ 
agranulocytosis is relatively low (1 out of over 8,600 in clinical trials). 
CAPOTEN also may be used in patients with heart failure who have not 
responded adequately to treatment with diuretics and digitalis. 

Although the beneficial effect of captopril in heart failure does not 
require the presence of digitalis, most controlled clinical trial experience 
with captopril has been in patients receiving digitalis, as well as diuretic 
treatment. Consequently, CAPOTEN should generally be added to both of 


Your therapeutic choice today, 


can offer patients a 
lifetime of benefits. 


these agents except when digitalis use is poorly tolerated or otherwise not 
feasible. In using CAPOTEN, consideration should be given to the risk of 
neutropenia/agranulocytosis. Use special precautions in all patients with 
impaired renal function, collagen vascular disorders, or those exposed 

to other drugs known to affect the white blood cells or immune response. 
Evaluation of hypertensive and heart failure patients should always 
include assessment of renal function. See INDICATIONS AND USAGE, 
CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE 
REACTIONS in the brief summary of prescribing information on the 
adjacent page. 
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(captopril tablets) 


References: 1. 1988 Joint National Committee: The 1988 report of the Joint National Committee 
on detection, evaluation, and treatment of high blood pressure. Arch Intern Med 148:1023- 1038, 
1988. 2. Paulson OB, Waldemar G, Andersen AR, et al: Role of angiotensin in autoregulation of 
cerebral blood flow. Circulation 77 (suppl 1):l-55— 1-58, 1988. 3. Weinberger MH: Anti- 
hypertensive therapy and lipids: Evidence, mechanisms, and implications. Arch Intern Med 
145:1102-1105, 1985. 4. Duchin KL, Willard DA: The effect of captopril on renal hemodynamics 
in hypertensive patients. | Clin Pharmacol 24:35 1-359, 1984. 





CAPOTEN" TABLETS 
Captopril Tablets 


INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see 
WARNINGS). CAPOTEN is effective alone and in combination with other antihypertensive 
agents, especially thiazide-type diuretics. 

Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 
should generally be added to both of these agents except when digitalis use is poorly tolerated 
or otherwise not feasible. 


CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this 
product. 


WARNINGS: Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, 
tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, including captopril. 
If angioedema involves the tongue, glottis or larynx, airway obstruction may occur and be fatal. 
Emergency therapy, including but not necessarily limited to, subcutaneous administration of a 
1:1000 solution of epinephrine should be promptly instituted. 
Neutropenia/Agranulocytosis—Neutropenia (< 1000/ mm3) with myeloid hypoplasia has resulted 
from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is de- 
pendent on the clinical status of the patient: 


In clinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
one patient out of over 8,600 exposed. In patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. In patients with collagen vascular diseases (e.g., systemic lupus 
erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% received 
procainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
thrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 
weeks after captopril was discontinued, and serious infections were limited to clinically com- 
plex patients. About 13% of the cases of neutropenia have ended fatally, but almost all fatalities 
were in patients with serious illness, having collagen vascular disease, renal failure, heart 
failure or immunosuppressant therapy, or a combination of these complicating factors. Evalua- 
tion of the hypertensive or heart failure patient should always include assessment of renal 
function. If captopril is used in patients with impaired renal function, white blood cell and 
differential counts should be evaluated prior to starting treatment and at approximately 2-week 
intervals for about 3 months, then periodically. In patients with collagen vascular disease or 
who are exposed to other drugs known to affect the white cells or immune response, particu- 
larly when there is impaired renal function, captopril should be used only after an assessment 
of benefit and risk, and then with caution. All patients treated with captopril should be told to 
report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 
cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count <1000/mm:) withdraw captopril and closely follow the patient's course, 


Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. 
About 90% of affected patients had evidence of prior renal disease or received high doses 
(>150 mg/ day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 
patients. In most cases, proteinuria subsided or cleared within 6 months whether or not captopril 
was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 
protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 
Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 
(see PRECAUTIONS [Drug Interactions)). In heart failure, where the blood pressure was either 
normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
of the patients. This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 
and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: /mpaired Renal Function—Hypertension— Some hypertensive pa- 
tients with renal disease, particularly those with severe renal artery stenosis, have developed 
increases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Failure—About 20% of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMINI- 
STRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis—A theo- 
retical concern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 
treatment in patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 
thesia—|f hypotension occurs during surgery or anesthesia, and is considered due to the ef- 
fects of captopril, it is correctable by volume expansion. 

Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 
dose in patients on diuretics, especially those recently placed on diuretics, and those on se- 
vere dietary salt restriction or dialysis. This possibility can be minimized by either discontinuing 
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Your therapeutic choice today can mean a lifetime of patient benefits 


the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 
by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 
sion for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad- 
ministered with caution. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting blood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
overall response is less than additive. Therefore, use agents affecting sympathetic activity (e.g., 
ganglionic blocking agents or adrenergic neuron blocking agents) with caution. 

Agents Increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead to a 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis— Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/ kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: There are no adequate and well-controlled studies in pregnant women. 
Embryocidal effects and craniofacial malformations were observed in rabbits. Therefore, 
captopril should be used during pregnancy, or for patients likely to become pregnant, only if 
the potential benefit outweighs the potential risk to the fetus. Captopril crosses the human 
placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on Clinical trials involving approxi- 
mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
Interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below 
by body system. In this setting, an incidence or causal relationship cannot be accurately 
determined. 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Bullous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small igcreases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTION ). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reduction of 
longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an LV. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 
meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized: 
see DOSAGE AND ADMINISTRATION section of package insert for detailed information re- 
garding dosage in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, dosage adjustments are recommended for patients with impaired 
renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 mg 
in bottles of 100; and in UNIMATIC” unit-dose packs of 100 tablets. (J3-658N) 
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RIBING INFORMATION AGE CIRCULAR.) 
‘opranolol hydtochioride {Long Acting Capsules) 


iO i INDERAL LA is formulated to provide a sustained release of propranolol 
loride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules 


INICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
pétes with beta-adrenergic receptor-stimulatin Ss gb for available receptor sites. When 
“access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately 
INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolo! HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
d the-apparent plasma half-life is about 10 hours. When measured at steady state over a 

{Our period the areas under the propranolol plasma concentration-time Curve (AUCs) for 
2 Capsules are approximately 60% to 65% of the AUCs for a comparabie divided daily dose 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
fapranoiol, resulting from the slower rate of absorption of propranolol, Over a twenty-four (24) 
d-blood levels are fairly constant for about twelve (12) hours then decine exponen- 





























































































A-shouid not be considered a simple mg-for-mg substitute for conventional 
and the blood levels achieved do not match (are lower than) those of two to four 
dosing with the same dose. When changing to INDERAL LA from conventional 
Hssible need for retitration upwards should be considered especially to main- 
sat the end of the dosing interval. In most clinical settings, however, such as 
asion of angina where there is little correlation between plasma levels and clinical 

RAL LA has been therapeutically equivalent to the same mg dose of conventional! 
y assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
a blockade for a 24-hour period. 


TIONS AND USAGE. INDERAL LA is indicated in the manage- 
ertension: it may be used alone or used in combination with other antihypertensive 
articularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
risive emergencies. 
gina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the 
tm management of patients with angina pectoris. 
pine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
cy of propranolol in the treatment of a migraine attack that has started has not been 
and propranolol is not indicated for such use. 
wophic Subaortic Stenosis: INDERAL LA is useful in the management of hyper- 
ubaortic stenosis, especially for treatment of exertional or other stress-induced 
ng alpitations, and syncope. INDERAL LA also improves exercise performance. The 
ffactiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
: elevated outfiow pressure gradient which is exacerbated by beta-receptor stimulation. 
al improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock, 2) sinus 
fadycardia‘and greater than first-degree 
block: 3) bronchial asthma: 4} congestive heart 
failure (see WARNINGS) unless the failure is 


_ WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
“supporting circulatory function in patients with 
„congestive heart failure, and its inhibition by 
-beta blockade may precipitate more severe 
failure’ Although beta blockers should be 
sis “avoided in overt congestive heart failure, ifnec- 
oo” essary, they can be used with close follow-up in 

patients with a history of failure who are well 
compensated and are receiving digitalis and 
diuretics: Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle 


“JN PATIENTS WITHOUT A HISTORY OF HEART FAILURE. continued use of beta blockers 
an, in Some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
ailure, the patient should be digitalized and/or treated with diuretics, and the response 
bserved closely, or INDERAL should be discontinued (gradually, if possible}. 


ONCE-DAILY 
(PROPRANOLOL HCI) 


LONG ACTING CAPSULES 





| PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
g aand, in some cases. myocardial infarction, following abrupt discontinuance of 
NDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
e gradually reduced over at least a few weeks, and the patient should be 
utioned against interruption or cessation of therapy without the physician's advice. ff 
Ar ee da interrupted and exacerbation of angina occurs, it usually is advisable 
itute INDERAL therapy and take other measures appropriate for the management 
able-angina pectoris. Since coronary artery disease may be unrecognized. it may 
96 prudent to follow the above advice in patients considered at risk of having occult 
theroscierotic heart disease who are given propranolol for other indications. 


altergic roni nospam (eg, chronic bronchitis, emphysema} — PATIENTS 

VITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
LOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
duced by endogenous and exogenous catecholamine stimulation of beta receptors. 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 

ajor surgery is controversial. It should be noted, however, that the impaired ability of the 
art to. respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
ufgical procedures. 
NDERAL (propranolol HC), like other beta blockers. is a competitive inhibitor of beta-recep- 
agonists and its effects can be reversed by administration of such agents. eg, dobutamine 
»proterenol. However, such patients may be subject to protracted severe hypotension. 

ulity in Starting and maintaining the heartbeat has also been reported with beta blockers. 
MABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
nts ia beta-blocking agent is required. Beta biockers may mask tachycardia occurring 
hypoglycemia, but other manifestations such as dizziness and sweating may not be 
icantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
recovery of blood glucose to normal levels. 
YROTOXICOSIS: Beta blockade ny mask certain clinical signs of hyperthyroidism. 
fore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
perthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
sir Gard reverse Ts, and Leathers 3. . 
ATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
Lin which, after propranolol, the tachycardia was replaced by a severe bradycardia 

: emand pacemaker. in one case, this resuited after an initial dose of 5 mg 
HOW. 


oF UTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
ticorreñal function: INDERAL (propranolol HCI) is not indicated for the treatment of 
emergencies. © < ge 















be told that INDERAL may interfere with the glau 
return of increased intraocular pressure. 


CLINICAL LABORATORY TESTS: Elevated b 


DRUG INTERACTIONS: Patients ecole 
pine should be closely observed if INDERA 


nervous activity which may result í 
attacks. or orthostatic hypotension. a 

Caution should be exercised when patients receiving a beta biocker are administered a 
caicium-channel-blocking drug. especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapami! has resulted in serious adverse reactions. 
especially in patients with severe cardiomyopathy, congestive heart failure, of recent myocar- 
dial infarction. 

Aluminum hydroxide gei greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. . 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
ievels of both drugs. . . 

Antipyrine and lidocaine have reduced clearance when used concomitantly with - 
propranolol. 3 

Thyroxine may result in a lower than expected T3 concentration when used concomitantly 
with propranolol. . 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used PN a rka propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animais have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlied studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human miik. Caution should be exercised 
when INDERAL is administered to a nursing woman. . 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal! of therapy. 

ardiovascular: Bradycardia, congestive heart failure; intensification of AV block; hypoten- | 
sion: paresthesia of hands; thrombocytopenic purpura: arterial insulficiency, usually of the 
Raynaud type. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
iassitude, weakness. fatigue: reversible mental depression progressing to catatonia, visual 
disturbances; hallucinations: vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor. 
t mance on neuropsychometrics. For immediate _ 
formulations, fatigue, lethargy, and vivid... 
dreams appear dose related. l i 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasrn and respira- 
tory distress. 


























60mg 80mg 120mg 160mg 


Respiratory. Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

ene n extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochioride in a 
sustained-release capsule for administration once daily. lf patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple rng-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher unti! adequate blood-pressure control is achieved. 

The usual maintenance dosage is 120 to 160 mg once daily. In same instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and te range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the. 
average optimal dosage appears to be 160 mg once daily. in angina pectoris, the value and |. 
safety of dosage exceeding 320 mg per day have not been established. rags 

lf treatment is to be discontinued. reduce dosage gradually over a period of a few weeks (see 
WARNINGS}. oe 

MIGRAINE --- Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy should 
be Sees _It may be advisable to withdraw the drug gradually over a period of several 
HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. oe: 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too... 
limited to permit adequate directions for use. S 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories. ` 
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early to late flow velocities (E/A) and flow velocity integrals (FVIE/ 
FVIA) decreased, suggesting a drug-induced decrease in LV diastolic 
compliance. Thus, in these patients Doppler criteria for drug-induced 
changes in LV filling properties have to be used cautiously because the 
derived conclusions may be diametrically opposed to actual hemodynamic 
changes. E ; 
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1180 CENE 
Reduced Exercise Capacity of Chronic Obstructive Pulmonary 
Disease Patients Exercising with Noseclip/Mouthpiece 
Douglass A. Morrison, Michael Collins, James R. Stovall, and Geoffrey 
Friefeld, with the technical assistance of Charles Barbiere, Pat Carlson, 
Barbara Carpenter, Lois Clegg, Judy DeLong, Mary Ann Olsen, 

Patty Pantoja, Dan Powell, and Dianne Wolf ya a 


Twelve patients with stable chronic obstructive pulmonary disease under- 

went 2 symptom-limited supine bicycle studies, 1 with and 1 without a 

noseclip/mouthpiece for exhaled gas measurements. The study was per- 

formed to determine if nasal obstruction impairs exercise capacity in these 

patients and if so, how this ventilatory maneuver alters circulatory func- 

tion. Exercise duration, exercise oxygen consumption and exercise cardiac 

output were reduced and right ventricular ejection fraction was increased 
on the noseclip exercise. Exercise capacity can be altered by upper airway 

obstruction in chronic obstructive pulmonary disease; we hypothesize that 

this ventilatory maneuver may impede venous return. | 





CARDIOVASCULAR PHARMACOLOGY 





1185 , | | ae ae 
Superior Antiplatelet Action of Alternate Day Pulsed Dosing = 
Versus Split Dose Administration of Aspirin “ee ee 
Reinhard L. Lorenz, Barbara Boehlig, Waltraud M. Uedelhoven, and 
Peter C. Weber 





To explore the effect of time distribution on the antiplatelet action of 
aspirin, we administered a constant mean amount of aspirin (40 mg/day) 
either as 20 mg twice daily, as 40 mg once daily or as 80 mg every other 
day for 1 week each. The inhibitory effects on platelet aggregation and 
associated thromboxane formation were significantly less marked with the 
split dose, intermediate with the single dose of 40 mg /day and best with 
the alternate day double-dosing regimen. Thromboxane excretion was 
suppressed >80% by all regimens. Peak suppression of prostacyclin was 
similar for all 40 mg/day regimens (about 60%). It was more pronounced 
after a reference dose of 324 mg/day. Recovery at trough drug action 
tended to increase with the dosing interval. For best platelet inactivation at 
comparable sparing of prostacyclin formation, low doses of aspirin should 
be administered in pulsed rather than in split regimens. 
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“1189 eee ce 
_ Lessons to Be Learned from the Cardiac Arrhythmia 
‘Suppression Trial 

Philip J. Podrid and Frank l. Marcus 


























7 1192 | Es 
Redefining True Ventricular Peas 
Davidson Howes Hamer and Joseph Lindsay, Jr. 








BRIEF REPORTS — 


1195. 


Diagnosis of Left Ventricular Thrombi by Maent Resananoe 7 
imaging and Comparison with Angiocardiography, Computed - 
; Tomography and Echocardiography 

Udo Sechtem, Peter Theissen, Walter Heindel, Kerstin Hungerberg, Hans- 
Josef Deutsch, Ruth Welslau, Julius M. Curtius, Werner noe. 
Hans-Wilhelm SPPP and Harald Schicha 


1199 Coen N See 
Soft-Tipped Coronary Artery Catheters Reduce the Fr quency  — 
of Coronary Artery Dissection __ a 

Paul Van Tassel, Irvin F. Goldenberg, Wes Pedersen, Kristin Madison, 

Constance Madison, David Streitz, Michael Walker, Susanne K. Roeller, 
-o S. Murthy Tadavarthy, Philip D. Murray, James E. Finstad, 

-Timothy J. Koelz, Mark Samii, James D. Madison, Marc R. Pritzker, 
Fredarick L. Gobel, and Robert A. Van Tassel 


1202 T E 
Magnesium Sulfate Therapy for Sustained Monomorphie 
Ventricular Tachycardia 


Byron J. Allen, Michael A. Brodsky, Edmund V. Capparelli, 
Cathy R. Luckett, and Lloyd T. Iseri 


1204 E 
Morning areas in ‘the Time of Onset 
of Sustained Ventricular Tachycardia 


__ Nicholas Twidale, Susan Toyor, Wiliam F. Heddle, e, Bronte F. Ayres, and 
Andrew M. Tonkin See 
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a Change of Address? 
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s Questions or Problems? 

Are you encountering any problems with 
i your subscription? Need single copies or 
additional subscriptions? Call us toll free. 


The journal makes a useful, timely gift to colleagues. Simply call 
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Therapy BAYER® Aspirin 
Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help 
Reduce the Risk of Second M! or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

Although most of the studies used dosages exceeding 300 mg, two trials 
J only.300 mg daily, and pharmacologic data indicate that this dose 
bits platelet function fully. Therefore, 300 mg or a conventional 325 
mg aspirin dose daily is a reasonable routine dose that would minimize 
astrointestinal adverse reactions. This use of aspirin applies to both solid 
oral dosage forms (buffered and plain aspirin) and buffered aspirin in 









‘trial, the dosage of 1,000 mg per day of aspirin was associ- 
ail increases in systolic blood pressure (BP) (average 15 to 

ya stolic BP (0.5 to 0.6 mm), depending upon whether max- 
of last available readings were used. Blood urea nitrogen and uric 
is were also increased but by less than 1.0 mg percent. Subjects 
ypertension or renal insufficiency had been excluded from 
that the clinical importance of these observations for such 
for any subjects treated over more prolonged periods is not 

ecommended that patients placed on long-term aspirin 
evenat doses of 300 mg per day, be seen at regular intervals 
in these measurements, 





aspirin from Therapy BAYER has been confirmed, In 
‘which plasma acetylsalicylic acid and salicylic 
‘ed, measurable plasma concentrations were 
t-dosing. Maximum concentrations were 
‘hours postdosing. Therapy BAYER, when 







compared with plain aspirin, achieves maximum plasma salicylate levels 
not significantly different from plain, i.e., not enteric-coated, aspirin, 
Dissolution of the enteric coating occurs at a neutral-te-basic pH and is 
therefore dependent on gastric emptying into the duodenum. With con- 
tinued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number 
of endoscopic studies comparing enteric-coated aspirin and plain aspi- 
rin, as weil as plain buffered and “arthritis strength” preparations. in these 
studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 
mg/day. Compared to all the other preparations, the enteric-coated aspi- 
tin produced significantly less damage to the gastric mucosa. There was 
aiso statistically less duodenal damage when compared with the. plain, 
ig., fOn-enteric-coated, aspirin. 


ADVERSE REACTIONS: | 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused 
gastrointestinal symptoms and bleeding that, in some cases; were ciin- 
ically significant. In the largest postintarction study (the Aspirin Myocardial 
infarction Study [AMIS] with 4,500 peopie),2 the percentage of inci- 
dences of gastrointestinal symptoms for the aspirin (1,000 mg of a stan- 
dard, solid-tablet formulation) and placebo-treated subjects, respectively, 
were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), nausea and/ 
of vomiting (76%, 21%), and hospitalization for GI disorder (4.9%, 3.5%). 
in the AMIS and other trials, aspirin-treated patients had increased rates 
of gross gastrointestinal bleeding. Symptoms and signs of gastrointes- 
tinal irritation were not significantly increased in subjects treated for 
unstable angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 
Occasional reports have documented individuals with impaired gastric 
emptying in whom there may be retention of one or more enteric-coated 





aspirin caplets over time. This phenomenon may occur as a result of out- 


let obstruction from ulcer disease alone or combined with hypotonic gastric 


peristalsis. Because of the integrity of the enteric coating in an acidic 
environment, these caplets may accumutate and form a bezoar in the 
Stomach. Individuais with this condition may present with compiaints of 
garly satiety or of vague upper abdominal distress. Diagnosis may be made 
by endoscopy or by abdominal films, which show opacities suggestive of 
a mass of smali caplets.? Management may vary according to the con- 
dition of the patient. Options include gastrotomy and alternating Slightly 
basic and neutral lavage.4 While there have been no clinical reports, it 
has been suggested that such individuals may also be treated with par- 


a 


enteral cimetidine (to reduce acid secretion} and then given sips of slightly 


basic liquids to effect gradual dissolution of the enteric coating, Prog- 


ress may be followed with plasma salicylate levels or via recognition of- 


tinnitus by the patient. 


it Should be kept in mind that individuals with a history of partial or com- | 


piele gastrectomy may produce reduced amounts of acid and therefore have 
less acidic gastric- pH. Under these circumstances, the benelits offered 
by the acid-resistant enteric coating may not exist 


REFERENCES: 


1. Data on file, Glenbrook Laboratories, 2. Aspirin Myocardial Infarction 
Study Research Group: A randomized, controlled trial of aspirin in per- Pa 
sons recovered from myocardial infarction, JAMA 1980:245:661-669, 3.. 


Bogacz K, Caidron P: Enteric-coated aspirin bezoar: Elevation of serum 


Salicylate level by barium study. Am J Med 1987:83:783-786. 4. Baum d: 
Enteric-coated aspirin and the problem of gastric retention. J Rheumatol = 


1984:11:250-251, 
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Simplified, affordable Holter. Finally. 


©1989 Hewlett-Packard Co. MG03914 


Now, high-performance 
ambulatory ECG from HP. 
Without bells and whistles. 


Our new Holter system is designed 
expressly for medical offices, where 
quality and reliability are musts, but 
where operating ease and cost are 
concerns, too. Starting at just 


$10,995* it includes our rugged ECG 
analyzer, IBM-compatible Vectra 
personal computer with hard disk, 
and DeskJet PLUS printer for 
laser-quality reports, all made and 
supported by Hewlett-Packard, all 
capable of bringing hospital-quality 
Holter to your practice at the simple 
press of a button. Contact your 


*Suggested U S. list price. 


authorized HP medical distributor 
or call 1-800-221-9010 for more 





information. 


There is a better way. 
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Initial 
monotherapy 


regardless o 
age” or race 


Therapeutic goal achieved 

in more than 80% of patients 
with mild to moderate 
hypertension" 
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*For adult hypertensives only. 


tEighty-two percent of 3,604 patients with mild 
to moderate hypertension (30-70 years) 
achieved goal blood pressure (DBP <90 mm 
Hg) in an open, multicenter, six-week study. 


In a double-blind, forced dose titration 
comparative study of 394 black patients with 
mild to moderate hypertension (18-70 years), 
83% of those randomized to Calan SR (n=54) at 
a dosage of 360 mg/day achieved goal blood 
pressure (DBP <90 mm Hg or >10 mm Hg 
reduction). 

















Once-a-day 
antihypertensive 
monotherapy 


E Calan SR provides effective monotherapy in more 
than 80% of all adult patients. ' 





E 91% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
compliance than twice-daily therapy.’ 


E Calan SR is equally effective in black and white adult 
patients, regardless of age.’ 


E Physicians have demonstrated their confidence in 
Calan SR—more than 15 million prescriptions have 


been filled. 


One agent...for quality living 


E In a well-controlled clinical trial of 94 
hypertensive patients controlled with 

Calan SR, quality of life was 

improved or maintained. ' 


Constipation, which can be 
easily managed in most 
patients, is the most commonly 
reported side effect with 
Calan SR. 


Please see the following page of this advertisement 
for references and a brief summary of the complete 
prescribing information. 
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: Severe lV eines ise Warnings), hypotension (systolic pressure 
or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
egree AV block {if no pacemaker is present}, atrial flutter/fibrillation with an 
bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
ferapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
0%) or moderate to severe symptoms of cardiac failure and in patients with 
of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
e with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
ionally produce hypotension. Elevations of liver enzymes have been reported. 
ases have been demonstrated to be produced by verapamil. Periodic. monitoring 
function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
nic. atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
nes} have developed an increased antegrade conduction across the accessory 
“bypassing the AV node, producing a very rapid ventricular response or ventricular 
rilation after receiving ÍV. verapamil {or digitalis). Because of this risk, oral verapamil is 
traindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
opment. of marked ‘st-degree block or progression to 2nd- or 3rd-degree block 
Juction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
ycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
sion were seen in some critically il patients with hypertrophic cardiomyopathy who 

eated with verapamil. 
autions: Verapamil should be given cautiously to patients with impaired hepatic 
ion {in severe dysfunction use about 30% of the normal dose) or impaired renal 
ion,. and patients should be monitored for abnormal prolongation of the PR interval or 
‘signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
Duchenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
ing: agent. vecuronium. it may be necessary to decrease verapamil dosage in patients 
with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
‘conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy may 
“outweigh the benefits. The combination should be used only with caution and close 

~- monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
-aril treatment can increase serum digoxin levels by 50% to 75% during the first week of 

«therapy, which can result in digitalis toxicity, In patients with hepatic cirrhosis, verapamil 
may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
‘myocardial. contractility, AV conduction, and repolarization. Combined verapamil and quini- 
- dine ‘therapy in patients with hypertrophic cardiomyopathy should be avoided, since 

significant hypotension may result. Concomitant use of lithium and verapamil may result in 

‘a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
“drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 

during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
-2i itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
"excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
|... blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
<o a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
es <- Category C: There are no adequate and well-controlled studies in pregnant women. This 
< drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
~~ ig excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
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lyspnea {1. 4%), bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported i in 1.0% or less of patients, occurred under conditions where a causal relationship 
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Clinical Characteristics and Outcome of Acute 
Myocardial Infarction in Patients with Initially 
Normal or Nonspecific Electrocardiograms 


(A Report from the Multicenter Chest Pain Study)* 


Gregory W. Rouan, MD, Thomas H. Lee, MD, E. Francis Cook, ScD, Donald A. Brand, PhD, 
Monica C. Weisberg, RN, and Lee Goldman, MD 


To determine the prevalence and characteristics of 


acute myocardial infarction (AMI) patients who 
present to emergency departments with normal or 
nonspecific electrocardiograms (ECGs), data were 
analyzed from 7,115 consecutive patients in the 
Multicenter Chest Pain Study. AMI patients with 
normal or nonspecific initial ECGs (n = 107) were 
less likely to have a past history of coronary artery 
disease or to be diaphoretic on presentation (p 
<0.01) than AMI patients with initial ECGs highly 
suggestive of AMI (n = 811). The overall probabili- 
ty of AMI among patients with chest pain and ini- 
tially normal or nonspecific ECGs was 3%, but 
ranged from <1 to 17% depending on the patient’s 
age and sex and whether the patient had pressure- 
type pain or pain radiating to the shoulder, neck or 
arms. Among initially admitted patients, the time 
elapsed between onset of pain and presentation 
was similar in both groups. However, the time be- 
tween onset of pain and definitive diagnosis of AMI 
by enzymes or clinical course was longer in pa- 
tients with initially normal or nonspecific electro- 
cardiograms (8.3 vs 7.5 hours, p <0.05), their 
peak creatine kinase levels were lower (mean 643 
vs 1,032 mg/dl, p <0.001) and their mortality was 
slightly lower (6 vs 12%, p = 0.10). These findings 
suggest that AMI patients with initially normal or 
nonspecific ECGs may have a less severe short- 
term clinical outcome. 

(Am J Cardiol 1989;64:1087-1092) 


acute myocardial infarction (AMI) may vary sub- 

stantially depending on the stage and extent of myo- 
cardial infarction.'!~> In several series, it has been re- 
ported that the initial ECG may be normal in 6 to 20% 
of cases and diagnostic of infarction in 18 to 65% of 
cases.°-? Serial tracings demonstrate abnormalities in 
83 to 93% of cases>-? but are available only after the 
patient has been followed for hours or days. Additional- 
ly, AMI patients with initially normal or nonspecific 
ECGs may have less severe myocardial necrosis and a 
better in-hospital prognosis.*:!° Thus, the clinician in the 
emergency department often must weigh the relative 
importance of an initially normal or nonspecific ECG in 
the patient whose acute chest pain raises the suspicion 
of AMI. We compare AMI patients who initially had 
normal or nonspecific ECGs to those whose initial 
ECGs were highly suggestive of infarction in terms of 
presenting characteristics, the tempo of symptoms or 
enzymatic changes and clinical outcome. We also delin- 
eate clinical factors that place patients with normal or 


[ee electrocardiograms (ECGs) in patients with 
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= The Multicenter Chest Pain Study!!-”° is a coopera- 
e investigation of the presenting features and out- 
mes of emergency department patients with acute 
chest pain. The 7 institutions participating in the study 
-and the date on which each center started entering pa- 
> tients are: Brigham and Women’s Hospital, Boston, 
~ _— Massachusetts (January 1984); Yale-New Haven Hos- 
pital, New Haven, Connecticut (December 1983); Dan- 
-< bury Hospital, Danbury (January 1984); Milford Hos- 
pital, Milford (June 1984); St. Mary’s Hospital, Water- 
-bury (April 1984); University of Cincinnati Hospital, 
_. Cincinnati, Ohio (July 1984); and William Beaumont 
Hospital, Royal Oak, Michigan (June 1985). 
- Study design: All patients aged 30 years or older 
“who presented to one of the participating emergency de- 
partments with a chief complaint of anterior, precordial 
or left lateral chest pain unexplained by obvious local 
.. trauma or chest x-ray abnormalities were eligible. Un- 
-like an earlier report,!? we now!9-! include only the 
first 3 visits for each patient during the study period. 
The emergency department physician (usually an intern 
or resident at the university hospitals or a full-time 
emergency department physician at the community hos- 
pitals) recorded clinical data at presentation, including 
the patient’s age, sex, findings from the history, physical 
exam and electrocardiogram and cardiac enzyme re- 
sults. The emergency department physician or a re- 
search nurse recorded data on a standardized data form 
that was part of the permanent medical record at a time 
when he or she had no knowledge of, and could not be 
biased by, the patient’s subsequent course. 
_ The Chest Pain Study included all admitted patients 
and all consenting nonadmitted patients. From the 
- charts of all admitted patients, a trained study nurse 
obtained data on cardiac enzymes, official discharge di- 
| agnoses and dates and times of complications and pro- 
=~ = cedures. Of consenting nonadmitted patients, 59% re- 
turned for a follow-up visit and 43% had follow-up car- 
< . diac enzyme level measurements. Nonadmitted patients 
= -who did not return for follow-up evaluation were tele- 
_.. phoned to assess their clinical status. In such cases, 
those patients considered at higher risk for myocardial 
infarction because of a suspicious pain description, elec- 
trocardiographic abnormalities or continuing symptoms 
-were encouraged via telephone to return for evaluation; 
_if they were still unwilling to return, further follow-up 
-< was obtained by telephone and contact with the pa- 
> tient’s personal physician. 
`> Of potentially eligible patients, 88% were enrolled. 
Only 2% of enrolled patients were lost to follow-up. 
Among nonadmitted patients, those with normal or 
onspecific ECGs were slightly more likely not to be 
olled (28 vs 21%, p = 0.05) when compared to non- 
itted patients with ECGs highly suggestive of AMI 
There were no differences in the rate of 
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iatio Ghawae or the rates of Folo a visits or car 
ac enzymes. : 

Among admitted patients, data were clai on n the 
subsequent clinical course, including timing and levels — 
of cardiac enzymes and isoenzymes, complications, pro- 
cedures, intensive care unit length of stay and total hos- 
pital length of stay. The timing and frequency of cardi- 
ac enzyme and isoenzyme tests were determined by the — 
physicians who were caring for the patients, and mea- 
surements were performed using assays available at — 
each hospital site. o 

Electrocardiograpic interpretation: ECGs at the 
emergency department visit were interpreted by the ex 
amining physician. Seven possible categories were in-_ 
cluded on the standardized Chest Pain Study form, and _ 
additional space was available for written comments. 
All chest pain records were reviewed by 2 cardiologists - 
who were blinded to diagnosis and subsequent course to — 
ensure that the appropriate descriptive category was © 
chosen based on the examining physicians’ comments. _ 

The following definitions delineated the preselected ~ 
categories on the standardized chest pain record: (1) — 
probable new transmural AMI (21 mm ST-segment el- 
evation or abnormal Q waves in 22 leads)—changes 
must be new or there must be no old tracing for com- | 
parison; (2) new ischemia or strain with =1 mm ST- 
segment depression in =2 leads—changes must be new, 
or there must be no old tracing available for compari- 
son; (3) other new ST or T wave changes of ischemia or 
strain—includes ST-segment depression that is <1 mm 
and T-wave inversions not known to be old and thought 
to represent ischemia or strain; (4) old infarction, isch- 
emia or strain—Q waves or ST-T wave abnormalities 
that otherwise meet any of the first 3 criteria but are 
unchanged from old tracings; (5) other old or new ab- 
normality, including all abnormalities other than Q 
waves or ST-T wave changes, such as left ventricular 
hypertrophy, left or right atrial abnormalities, varying 
degrees of heart block, etc.; (6) nonspecific ST- or T- 
wave changes—includes minor ST- or T-wave abnor- | 
malities not suggestive of ischemia or strain; and (7) 
normal--ECG is completely within normal limits with- 
out any ST- or T-wave abnormalities. If the physician 
checked off more than 1 of the choices, the category 
most suggestive of acute ischemic heart disease (i.e., the 
one with the lowest numeric code) took precedence. In 
the following analysis, an ECG that was categorized as 
1, 2 or 3 was defined as highly suggestive of AMI 
whereas an ECG that was coded as 6 was defined as 
nonspecific and an ECG that was coded as 7 was de- — 
fined as normal. 

Diagnosis: A final diagnosis of AMI was made in 
both admitted and nonadmitted patients if 1 of the fol- 
lowing criteria was met within 1 week of initial visit: (1) 
characteristic evolution of serum enzyme levels, includ-  _ 
ing creatine kinase-MB isoenzyme detected in more 
than trace amounts by the qualitative electrophoretic... 
assay or at least 5% of an elevated total creatine kinase ie 
level, with a typical rise and fe ll; by the piantitative 





















































assa a lactate dehydrogenase i isoenzyme 1 level great- 

han the isoenzyme 2 level in the absence of hemoly- 

or renal infarction; or, in a very small number of 
patients in whom creatine kinase and lactate dehydroge- 
-nase isoenzymes were not assayed, serial total creatine 
kinase levels demonstrating a typical rise and fall with a 
-peak value exceeding twice the usual upper limit of nor- 
mal; (2) ECG showing development of new pathologic 
Q waves (at least 0.04 second in duration) and 225% 
decrease in the amplitude of the following R wave com- 
‘pared with that of the emergency department ECG; (3) 
scintiscan showing focal uptake of technetium-99m 
stannous pyrophosphate in the cardiac area if the serum 
enzyme peak might have occurred before hospitaliza- 
tion and if the patient had no prior history of AMI or 
valvular calcium; or (4) sudden unexplained death with- 
in 72 hours of presentation. Nonadmitted patients were 
retained in the study only if the investigators, who were 
blinded to all of the patient’s emergency department 
data, felt that the sum of all follow-up information was 
sufficient to place the patient into a diagnostic category. 
Patients with cardiac arrest within 72 hours of ad- 
mission were coded as AMI unless there were contra- 
dictory data. For example, patients who had sudden in- 
hospital cardiac arrests were classified as AMI if they 
died before it was possible to obtain enzymatic confir- 
mation of myocardial necrosis and if there were no oth- 
er explanations for the arrest. In all such cases, the pre- 
senting characteristics, ECGs and clinical courses were 
most consistent with AMI. All patients in the study who 
underwent coronary reperfusion with intravenous or in- 
tracoronary thrombolytic agents had abnormalities di- 
agnostic of AMI on ECGs or enzyme assays obtained 
before undergoing the procedure; thus, all such patients 
were classified as infarctions. Patients in whom creatine 
kinase and creatine kinase-MB elevations followed but 
did not precede an invasive procedure, such as coronary 
arteriography, coronary angioplasty or coronary artery 
bypass grafting, were considered noninfarctions, be- 
cause such procedures were performed at the discretion 
of the physicians who were caring for the patients, and 
acute myocardial necrosis might not have occurred if 
the. patients had been managed conservatively. 

-The current analysis was based on 7,734 visits that 
were entered in the study from its initiation until Au- 
gust 12, 1985. Among eligible patients, 8% (619 of 
7,734) either did not have initial ECGs performed in 
the emergency department, or the ECG was not classi- 


fied by the emergency department physician into 1 of 


our 7 categories; these patients were excluded from fur- 
ther analysis. Of this group, 15% (94 of 619) were AMI 
patients. Additionally, because the purpose of this re- 
port was to compare patients with highly suggestive 
ECGs to patients with normal or nonspecific ECGs, 
some of our analyses excluded the 1,791 patients with 
initial electrocardiographic interpretations of old infarc- 
tion or ischemia or strain or of other new or old abnor- 
malities, of which 6% (106 of 1,791) were AMI pa- 
\fter these exclusions, there were 5,324 patients, 
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TABLE | Relation Between Initial Electrocardiographic 
Interpretations and Diagnosis of Myocardial Infarction 



































Patients Who Had 

Mis (Positive 

Predictive MI Patients 
ECG Finding Value) (%) (Sensitivity) (%) 
1. 21 mm ST elevationor 461/605 (76) 461/1,024 (45) i 


Q waves in 22 leads 

2. New ischemia or strain 
zi mm, ST depression 
in 22 leads 

3. Other new ST- or T-wave 
changes of new ischemia 


203/531 (38) 203/1,024(20) |. 


147 /693 (21) 147 /1,024(14) | 


or strain E 
4. Old infarction, 50/644 (8) 50/1,024 (6 
ischemia or strain tere 
5. Other new or old 56 /1,147 (5) 56/ 1,024 
abnormality ee 
6. Nonspecific ST-T 72/1,433 (5) 72 /1,024-(7 
changes only m 
7. Normal 35/2,062 (2) 35/1 024 (3 


ECG = electrocardiographic; Ml = myocardial infarction. 


of whom 918 (17%) had AMI. Among this group were __ 
897 admitted AMIs, 98% (883 of 897) of whom had — 
cardiac enzymes measured at a frequency adequate to 
be included in the temporal analyses of when AMI was 
diagnosed. 
Statistical methods: The likelihood ratio for a clini- 
cal characteristic (e.g., diaphoresis) was defined as the — 
percentage of patients with that characteristic among 
patients with AMI divided by the percentage of patients 
with that characteristic among patients without AMI. 
The 5,324 patients with normal or nonspecific ECGs or. 
ECGs highly suggestive of AMI were used to calculate 
these likelihood ratios. The “time to rule-in” was based. 
on the first creatine kinase elevation accompanied by 
the presence of an elevated creatine kinase-MB isoen- 
zyme. If no creatine kinase-MB was obtained, then a 
creatine kinase level of 2 times normal was used as the 7 
criterion. If a sudden, otherwise unexplained death oc- 
curred before adequate enzyme data were available, the 
diagnosis of AMI was considered to have been made at 7 
the time of the arrest. E 
The chi-square test for association? was used to 
compare clinical features of patients with AMI who had - 
normal or nonspecific ECGs with patients with AMI ~ 
who had ECGs highly suggestive of myocardial infarc- _ 
tion. Likelihood ratios for each clinical feature were cal- ~~ 
culated separately for these 2 groups and were com- 
pared with a chi-square test for homogeneity.” In addi- 
tion, separate likelihood ratios for each clinical feature _ 
were calculated for university hospitals and for commu- ~ 
nity hospitals, and were averaged using inverse variance - 
as weights. 23 The Wilcoxon rank sum test?4 was used to- 
compare “time to rule-in” and the time elapsed since 
the onset of chest pain. 
The factors that had statistically significant univar 
iate correlations with the probability of AMI in patie 
with normal or nonspecific ECGs were combined: 


Ty “TABLE i Prevalence and Relative Risk of Clinical Characteristics Among Patients with fi Myocardial infarctions Based on a Initial ECG He 
< | Interpretation op 


Likelihood Ratio (Proportion Having Characteristic 
Prevalence of Characteristic Among MI Patients in MI Patients vs Non-MI Patients) 
ECGs Highly Suggestive | 
of MI (95% CI) 


1.0t (1.0, 1.1) 
1.4* (1.3, 1.5) 
1.17 (1.0, 1.1) 
1.2* (1.1, 1.4) 


3,495 
Normal or Nonspecific 
ECGs (95% Cf) 


1.9* (1.5, 2.3) 
1.4* (1.2, 1.6) 
1.6* (1.4, 1.9) 
1.5* (1.2, 1.8) 


811 
ECGs Highly Suggestive 
of Mi (%) 


468 (58) 
528 (65) 
530 (65) 
396 (49) 


107 
Normal or Nonspecific 
ECGs (%) 


53 (50) 
68 (64) 
70 (65) 
51 (48) 


3 : Clinical Characteristic 


. Age >60 years 
| Male sex 
+ Pain described as pressure 
| Pain radiating to arm, shoulder 
af neck or jaw 






































4731 (58) 1.4* (1.1, 1.9) 1.5% (1.4, 1.7) 
3541 (44) 1.3 (1.0, 1.8) 0.7*1 (0.7, 0.8) 


as se the confidence interval does not overlap 1.0, the finding was eon {p <0.05) more likely to be found in patients with MI than in patients without MI. 
; t Significantly different from group with normal or nonspecific ECGs (all p <0.0 


34 (32) 


: History of prior MI or angina 32 (30) 


Cl = confidence interval; ECG = electrocardiogram: Ml = myocardial a alg 


- simple additive score to see how well patients could be 
- classified. The accuracy of this multivariate approach 
=- for predicting AMI in patients with normal or nonspe- 
cific ECGs was then prospectively tested on 1,992 pa- 
~~ tients who were seen in 5 hospitals (the original 7 except 
< St. Mary’s and William Beaumont Hospitals) between 
August 13, 1985, and November 28, 1986. 
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RESULTS 
Among the 7,734 patients eligible for the study, 
7,115 had initial ECGs performed in the emergency de- 
partment and categorized by their physicians into 1 of 7 
categories. The overall prevalence of AMI was 14% 
(1,024 of 7,115), and 79% (811 of 1,024) of patients 
with documented AMI had initial ECGs that were 
highly suggestive of AMI or ischemia (Table I). By 
comparison, just 7% of the AMIs initially had nonspe- 
cific ST-T wave changes only, and just 3% initially had 
normal ECGs. The 79% cumulative sensitivity for AMI 
among patients with ECGs that were highly suggestive 
of AMI or ischemia was associated with a cumulative 
false-positive rate of only 17% (Figure 1). 

The overall prevalence of AMI was not significantly 
different between patients presenting with chest pain in 
community or university hospitals (15 vs 14%). Physi- 
cians in the community hospitals were slightly more 
likely to describe the initial ECG in AMI patients as 
normal or nonspecific (51 of 349, 15%, vs 56 of 569, 
10%, in university hospitals) and less likely to describe it 
as highly suggestive of AMI (298 of 349, 85%, vs 513 of 


569, 90%, in university hospitals). Although these dif- 


ferences were statistically significant (p <0.03), likeli- 
hood ratios for clinical features calculated separately for 


university and for community hospitals were similar to _ 


the overall relative risks calculated for all hospitals. 


Therefore, only the overall relative risks are presented in- 


this analysis. 
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Clinical characteristics of infarction patients with — 
normal or nonspecific versus highly suggestive electro- E 


cardiograms: AMI patients with normal or nonspecific 
ECGs were as likely to be older than 60 years of age, to 
be men, to have chest pressure and to have a typical 


pattern of pain radiation as were AMI patients with 


highly suggestive ECGs (Table I). However, the for- 


mer were less likely to have a prior oe a AM be or 


angina or associated d aphoresis. ee 














patients (Table II), historical features were fre- 
ly more helpful in predicting AMI in patients with 
normal or nonspecific ECGs than in patients with high- 
ly suggestive ECGs. Using 4 of the 6 univariate corre- 
lates of AMI in patients with initially normal or nonspe- 
cific ECGs (Table III), we found that the probability of 
AMI with an initially normal ECG ranged from <1 to 
13%. In patients with nonspecific ST-T changes only, it 
ranged from <1 to 20%. When prospectively tested in a 
subsequent population of 1,993 patients, remarkably 
similar results were noted. 

Timing of presentation and development of docu- 
mented infarction: The median time that had elapsed 
between the onset of pain and the emergency depart- 
ment visit was similar in AMI patients with initially 
normal or nonspecific ECGs and those with highly sug- 
gestive ECGs (3 vs 3 hours, difference not significant). 
However, patients with AMI and an initially normal or 
nonspecific ECG had their diagnoses confirmed some- 
what less promptly after the onset of pain (14.0 vs 11.4 
hours, p = 0.10) and after presentation to the emergen- 
cy department (8.3 vs 7.5 hours, p = 0.04) compared to 
those with initial ECGs highly suggestive of AMI. 

Outcome: AMI patients with initially normal or 
nonspecific ECGs had significantly lower mean peak 
creatine kinase levels than those with initial ECGs high- 
ly suggestive of AMI (643 + 710 vs 1,037 + 1,280 mg/ 
dl, p <0.001). Only 6% (6 of 94) of AMI patients ad- 
mitted with a normal or nonspecific ECG died com- 
pared to the 12% (98 of 802) death rate of AMI pa- 
tients with highly suggestive initial ECGs (p = 0.10). 
Of note was that another 13 AMI patients with initially 
normal or nonspecific ECGs were inadvertently released 
after initial evaluation, and 3 (23%) of them died. Only 
8 (1%) AMI patients with initial ECGs highly sugges- 
tive of AMI were mistakenly released after their initial 
visits, but their death rate was 25% (2 of 8). 








DISCUSSION 

The inclusion criteria of our study were broad and 
included all patients over age 30 who presented to the 
emergency department with a chief complaint of chest 
pain that was not explained by local trauma or chest x- 
ray abnormalities. Unlike others,’*>° we did not limit 
patient enrollment based on initial ECG interpretation 
or duration of chest pain; thus our results may be widely 
applicable. Because of the number and type of hospitals, 
a broad cross-section of patients was enrolled. 

The initial ECG interpretation may depend on a 
number of factors, including the inclination of the eval- 
uating physician to interpret an ECG in a particular 
fashion and the prevalence of AMI in the population 
with chest pain. In our study, the overall prevalence of 
AMI did not vary significantly in community versus 
university hospitals. 

One possible reason why an initial ECG might be 
normal or nonspecific in patients with AMIs is that pa- 
tients with such ECGs might arrive in the emergency 
department earlier after the onset of symptoms than do 
patients whose ECGs are highly suggestive of AMI. For 
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TABLE Ill Probability of Acute Myocardial Infarction in ao 
Patients with Initially Normal or Nonspecific ECGs 








Normal ECG Nonspecific ECG 






Prospective 






Prospective 
Training Set Validation Training Set Validation 
No.of (n= 2,062) (n=1,062) (n= 1,433) (n= 931) 
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example, our prior research has shown that cardiac en- 
zymes are less likely to be elevated in AMI patients who 
arrive sooner after the onset of symptoms than in AMI 
patients who arrive later.'> However, the time between 
the onset of symptoms and the patient’s arrival in the _ 
emergency department did not correlate with the proba- ` 
bility that the initial ECG would be helpful. Neverthe- _ 
less, the interval between presentation in the emergency = 
department and definitive enzymatic confirmation of 
AMI was longer in patients whose initial ECGs were | 
normal or nonspecific. 
AMI patients whose initial ECGs were normal or = 
nonspecific had a longer delay before enzymatic confir- = 
mation of AMI. They also had both significantly lower — => 
mean peak creatine kinase levels and lower short-term =- 
mortality.?’ he SS 
The prevalence of AMI among all our patients with 
initially normal or nonspecific ECG changes was 3%- 
(107 of 3,495). This probability varied depending on the- 
presence of several clinical features and was remarkably 5 
similar in a prospective validation with nearly 2,000 pa- 
tients. At the present time, patients with 4 factors may 
be considered for admission to intensive care based on 
the probability of AMI.28 However, because AMI pa- => 
tients with initially normal or nonspecific ECGs havea 
lower risk of complications requiring intensive care, . 
they are also appropriate for admission to a stepdown or =- 
intermediate care unit.2’? If patients with <4 factors — 
are felt by their physicians to require admission, a step- 
down or intermediate care unit would clearly seem to be $ 
appropriate and cost-effective.*”-*? 


APPENDIX 
The Chest Pain Study Group a 
Brigham and Women’s Hospital, Boston, Massachusetts: = 
Lee Goldman, MD (co-principal investigator), Thomas H. Lee, _ 
MD, E. Francis Cook, ScD, Monica Weisberg, RN, Karen 
Daley, RN, and Barbara Rosen, BA; Yale-New Haven Hospi- 
tal, New Haven, Connecticut: Donald A. Brand, PhD (co-prin- - 
cipal investigator), Denise Acampora, MPH, John Meliors, - 
MD, Kathryn Trainor, MS, Rita Jakubowski, RN, and Susan 
Healy, RN; University of Cincinnati Hospital, Cincinnati; 
Ohio: Gregory W. Rouan, MD (site director), Jerris R. Hedges, . 
MD, Robert Toltzis, MD, and Beth Goldstein-Wayne, RN; _ 
Danbury Hospital, Danbury: George Terranova, MD (site di- 
rector), Carol Stasiulewicz, PA, and David Copen, MD; Mil- 
ford Hospital, Milford: Alan Brandt, MD (site director), a, 
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Acute Myocardial Infarction 
in Cardiac Transplant Recipients 


Shao Zhou Gao, MD, John S. Schroeder, MD, Sharon A. Hunt, MD, 
Margaret E. Billingham, MBBS, Hannah A. Valantine, MD, and Edward B. Stinson, MD 


To characterize the clinical and pathologic features 


of acute myocardial infarction (AMI) in cardiac 
transplant recipients, 22 Stanford patients who had 
25 documented infarcts at a mean of 3.86 years 
after transplantation were reviewed. Symptoms in- 
cluded chest pain (2), arm pain (3), weakness (16), 
dyspnea (11) and palpitations (8). Three episodes 
were clinically silent, detected only as new electro- 
cardiographic changes during routine follow-up. Of 
18 patients hospitalized with symptoms, only 7 had 
electrocardiographic changes of typical Q-wave 
AMI; 5 had nonspecific ST-segment changes and 2 
had no documented changes. Two had old Q waves. 
Twelve of the 18 were misdiagnosed at admission 
as having infection or congestive heart failure. Seri- 
al creatine phosphokinase levels were obtained in 
13 patients, and values were elevated in 8. Six of 
25 AMI episodes were associated with develop- 
ment of congestive heart failure and 4 others led to 
development of cardiogenic shock. Seven patients 
died during the acute phase of infarction, 12 were 
retransplanted from | 2 days to 6 months after in- 
farct and 1 died suddenly after discharge. Two 
healed myocardial infarctions of unknown duration 
were found at autopsy or on explantation in pa- 
tients not clinically suspected of having an AMI. All 
infarcts occurred in patients known to have angio- 
graphic evidence of transplant coronary artery dis- 
ease, based on annual coronary arteriography. At 
autopsy or explantation all hearts were found to 
have characteristic diffuse concentric coronary ar- 
tery narrowing, and 4 (18%) had an unusual pat- 
tern of multiple foci of nontransmural AMI. We 
conclude that AMis in cardiac transplant recipients 
: are characterized by lack of chest pain or typical 
c ographic changes, high mortality rate, 
diffuseness of coronary artery disease and high in- 
cidence of multiple foci of nontransmural infarction. 
(Am J Cardiol 1989;64:1093-—1097) 








From the Division of Cardiology and the Departments of Pathology and 
Cardiovascular Surgery, Stanford University School of Medicine, Stan- 
-ford California. Manuscript received February 28, 1989; revised manu- 
rived July 28, 1989, and accepted July 29. 

for reprints: John S. Schroeder, MD, Division of Cardiolo- 
diovascular Research Center, Stanford nora School 
Stanford, California 94305. | | 







THE AMERICAN JOURNAL OF CARDIOLOGY “NOVEMBER 15, 1989 “109: 
































he development of accelerated coronary artery dis 

ease (CAD) in the cardiac allograft has emerge 

as a major factor limiting long-term survival « 
otherwise healthy cardiac transplant recipients. Trans- 
plant CAD has already been shown to exist angiograph- 
ically i in up to 40% of patients by 5 years postoperative- 
ly.1-4 Its occurrence does not seem to be related to the. 
usual risk factors for CAD, and is equally frequent in 
patients who initially had idiopathic cardiomyopathy 
and in those who had ischemic disease.'° It is usually 
clinically silent because the allograft is denervated and 
transplant patients, lacking afferent pain fibers, do not 
appear able to experience angina pectoris. Angiograp 
cally (and at autopsy) the disease is found to be unusu- 


ally diffuse, affecting the whole length of all coronary : 
arteries including their branches.” The underlying = 
cause of transplant CAD is believed by some to involve = > 
immunologic injury of the coronary endothelium.*® The = 


eventual effects of transplant CAD (acute myocardial 


infarction [AMI], congestive heart failure and death) ae 
are the same as those associated with naturally occur- > 


ring CAD. 


To define the range of clinical features associated —— 
with AMI in cardiac transplant recipients, we reviewed | 
Stanford’s 20-year experience with heart transplanta- 
tion and identified 22 transplant patients who sustained 
We summarize their clinical — 
data and the pathologic description of their hearts at = 


25 documented AMIs. 
autopsy or explantation when available. 


METHODS 


Study patients: At Stanford University Medical ae 


Center from January 1, 1968 to January 31, 1985, 329 a 
patients received heart transplants. Of these, 218 sur- 
vived >l year; 112 of the 218 have died, and 105 of. 
these underwent autopsy. Fifty retransplant procedures 
were performed in 47 cases, 28 because of transplant 
CAD. Data from these autopsied and explanted hearts. 
showed 29 AMI episodes in 26 transplant recipients. All — 
myocardial infarcts described were observed grossly at eo 
autopsy and further confirmed by microscopic histologic . 
examination, usually with special stains. Twenty-five of. 
the 26 patients with AMI already had angiographic evi 
dence of transplant CAD at the time of AMI; the other: 
had not had angiography. One patient suffered a second. 
(and fatal) AMI 6 months after the first. Four patients. 
with known transplant CAD died suddenly outside the 
hospital, presumably from arrhythmias related to acute 
AMI, and were excluded from this analysis. There- 
maining 25 episodes in 22 transplant recipients form nee 
basis of this report. ee 
























































































































































































































































































































Clinical Characteristics of 22 Heart Transplant Recipients with Acute Myocardial Infarction a 






Under- immuno- Tirne of 
Tx, lying suppressive Mi Post- Chest ECG CPK Diagnosis 


Sex Disease Agent op(mos) Pain Changes Elevation Missed Outcome Pathology 


































































< Aza ST-T Sudden death Transmural 
changes 
Aza 27 0 Missing oe Yes Sudden death Transmural 
Aza 64 0 New Q waves 0* No Retransplant Transmural 
| (7 days) i 
Aza _ 89 0 New Q waves + No Died after = Transmural 
; discharge 
Aza 29t 0 Missing — Yes Died Mult nontrans 
| (infection) old 
Aza 130 o ST-T — Yes Died Transmural 
| changes (infection) acute + old 
Aza 92 0 ~~ Missing z Yes —— Retransplant Subendo old 
Aza 67 0 New Q waves No* No Retransplant Transmural 
: (4 days) 3-6 months 
48,M CAD Aza 38t 0 New Qwaves + No Retransplant Transmural 
1 7 | acute + old 
1-100 41M CAD Aza 29? + ST-T Ooo Yes Retransplant Transmural 
core ae -changes 3-6 months 
ot 41 47,M CAD Aza 70 0 New Q waves + No Retransplant Transmural 
412 44,M CAD Aza 18 0 New Qwaves + No - Retranspiant - Transmural 
cf 13 44,F CM — Cyc 52 O New Qwaves 0* Yes Retransplant Mult nontransmural 
i an (3 days) 
| 14 51M CAD. Cyc 24 = Ọ New Q waves + No Discharge, Transmural 
P i lst & 2d l died 2d AMI acute + old 
S AMI | 
15 36M CM  ©yc 26 0 Old Q waves — Yes Sudden death Transmural 
= d4 16 52M CAD Cyc 14 G > + Yes Retransplant Subendocardial 
17 5,4M CM  ©yc 14 0 Nochanges 0 Yes Retransplant _  Subendocardial 
18 25M CM Cyc 47 + New Q waves 0* No Retransplant Transmural 
(5 days) 
19 50,M CAD Cyc 37 + ST-T + No Retranspiant Mult nontransmural 
e = changes 
“20 30,M CHD Cyc 36 O ST — Yes Retransplant Subendocardial 
oo dee | changes 3-6 months 
coe fj2l 4l,M CAD Cyc 14 0. No changes =- Yes Died secondary Mult nontransmural 
Pay | to shock 
40,M CAD Cyc 83 Os Old Q waves — Yes Sudaen death Transmural 







-s * FEK measured. atn days after the onset of AMI; t date of acute MI, death or retransplantation for old MI. 

Acute = acute: infarction; AMI = acute myocardial infarction; Aza = azathioprine + prednisone: CAD = coronary artery TOR CHD = congenital heart disease; CM -= 
cardiomyopathy; CPK = créatine phosphokinase ase; Cyc = cyclosporine + prednisone: Me Mos = months; Mult nontrans = multiple foci of nontransmural infarction, Old = old infarction of 
ccedrapt duration; rion sive. operation; Subendo = subendocardial infarction; Trans = transmural myocardial infarction; Tx = = transplantation; - — a HOt done; o = absent or 
nega ive; + = present-or posi . 
















= “The medical ai of all patients with a diagnosis Pathology: The hearts of all patients described in ` 
of AMI were reviewed. Data collection from‘charts in- this study were examined at autopsy or when explanted _ 
cluded recording of initial reported symptoms and ad- for retransplantation. After fixation in 10% buffered - 
mitting laboratory data, physical findings at the time of formalin, the hearts were opened and the endocardial 
admission, subsequent laboratory. findings (including surfaces carefully examined for scars or mural thrombi. 
lectrocardiographic abnormalities and serum creatine The interventricular septum and left and right ventricu- 
phosphokinase values) and hospital discharge status. lar walls were filleted and examined for new or fresh — 
x All patients were managed with what were at the infarcts. Sections were taken at the sites of discoloration 

ime standard immunosuppressive regimens, including or obvious infarcts. The sections were fixed in formalin, 
vathioprine and prednisone for 12 recipients and cyclo- embedded in paraffin, and sectioned in the conventional 
rine and prednisone. for the other 10. All patients way. All sections were stained with hematoxylin and eo- 
eceived aspin 30. mg A and Goca 75 mg3 _ sin and Masson’s trichrome. . - 
The coronary arteries were removed from the in 
after fixation, and serial transverse sections (at 0.25 cm- us 
meal) were examined ‘throughout their lengths ins | 

















ar ee in ‘situ. Selected t 
ica ne , i stained with hem 
A _ Giesen st stains. 











‘Statistical analysis: All data are presented as mean 
_st standard deviation. Comparisons of lipid profiles at 
different times were determined by the paired f test. A 
p value <0.05 was considered significant. 


f RESULTS 

-Clinical data: Baseline clinical characteristics of the 
: 2 transplant patients with AMI are listed in Table I. 
-There were 20 men and 2 women, reflecting the overall 
male-to-female ratio in the heart transplant program. In 
6 patients, CAD was not the underlying cause of the 
original pretransplant heart disease. Their ages ranged 
from 25 to 51 years (mean age 44). 

The time of initial angiographic detection of CAD in 
these 22 transplant recipients was 1 to 6 years after op- 
eration (mean 2.5). AMIs occurred 1.2 to 10.8 years 
after transplantation (mean 3.9). Four patients had 
AMI at 1 to 2 years, and 5 others at 2 to 3 years after 
transplantation. Thus, 43% of patients in this group had 
had AMI within 3 years after transplantation. 

Of the 25 episodes of AMI leading to hospital ad- 
mission, only 9 patients were admitted with that diagno- 
sis, 3 after a routine clinic visit at which a new AMI 
pattern was noted on the electrocardiograms and 6 with 
a variety of symptoms and signs typical of congestive 
heart failure, arrhythmias or both, including dyspnea, 
palpitations and dizziness. Twelve were admitted with 
other diagnoses and AMI was diagnosed later, either 
clinically or at autopsy. Two had no known symptoms 
or typical electrocardiographic changes during life, but 
| had multiple areas of old infarction and the other had 
subendocardial infarction at autopsy. Two AMI epi- 

sodes had acute as well as old infarcts at autopsy or 





rd al terete fn the oft ventricutar wal were detected at autopsy as shown in Figure 2 





FIGURE 1. want anterior obig view of left coronary iay injection showing diffuse disease in the left circumflex, obtuse r: : 
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TABLE fl Symptoms and Signs During Taoa Myocar 
infarction (25 Episodes) 







New Symptoms 




















Chest or arm pain 3 Cyanosis 
Dyspnea il Mentally dull, confused 
Fatigue and weakness 16 New 5; gallop 
Palpitation 8 New S4 gallop 
Dizziness 7 Pulmonary edema: 
Syncope 4 Liver enlargement 
Nausea /vomiting 5 
Emotional changes 2 
Diaphoresis 6 
Paresthesia (mouth and chest) 2 
No symptoms 

Electrocardiogram positive 






Old myocardial infarction 




















explantation; thus, there were 2 more “silent” infarc- ER. 
tions of unknown duration. eo 
Patient symptoms during AMI are listed in Table il, ae 

Only 3 had any type of pain syndrome, and of these, 
only 2 resembled angina pectoris. To assess whether re- 
innervation had occurred to explain the chest pain, pro- 
vocative testing (including atropine and amyl-nitrate 
administration) was performed; there were no changes 

in donor sinus rate in response to these physiologic ma- 
neuvers, confirming that the cardiac allografts remained 
functionally denervated. Three of the 25 episodes ad- 
mitted to the hospital with AMI were in overt conges- 
tive heart failure on admission; 8 had new S; gallop and 
another had a new S4 gallop. Seventeen had enlarge- 
ment of the cardiac silhouette on chest x-ray, usually 
long-standing in nature. 

Electrocardiograms of 19 AMI episodes in 18 pa- 












TABLE iHi Comparisons of Lipid Values Early After 
Transplant and Near the Time of AMI 


Early After Before 


No. Transplant AMI 


230+ 66? NS 
21141768 NS 
554318 NS 
33+ 208 NS 
1674565 NS 


200 + 41* 
191 +119? 
524111 
31+ 12t 
108 + 63 


Plasma cholesterol (mg/d) 22 
Plasma triglyceride (mg/dl) 9 
HDL cholesterol (mg/dl) 9 
VLDL cholesterol (mg/dl) 9 
LDL cholesterol (mg/dl) 9 
Values are mean + standard deviation. 
* } month after transplantation; t 1 eer after transplantation; + at AMI; $ I day to 8 
months (mean 2 months) before AM 
| AMI = acute myocardial alate HDL = high-density lipoprotein; LDL = low- 
density lipoprotein; NS = not scala VLDL = very low-density lipoprotein. 


tients on admission were analyzed. These included 3 pa- 
tients admitted without symptoms because of electro- 
cardiographic patterns of Q-wave infarcts, and 1 experi- 
encing a second AMI. Six others also showed new Q 
waves, 5 had nonspecific ST-T changes, 2 had no signif- 
icant changes and 2 had old Q waves. 

Serial serum creatine phosphokinase measurements 
were obtained in 13 patients. Values were elevated in 2 
of the 3 patients admitted because of electrocardio- 
graphic changes, and in 6 of 10 with a variety of symp- 
toms; however, in the other 4, normal creatine phospho- 
kinase values were measured for >3 days after admis- 
sion. There was no significant difference between lipid 
levels measured early after transplantation and before 
AMI (Table II). 

The clinical course of these patients, indicating the 
severity of disease leading to AMI, is listed in Table I. 
Of the 22 patients who had 25 AMI episodes, 7 died 
during the acute phase (including 1 who died after his 
second AMI, 6 months after his first AMI), 9 under- 
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went urgent retransplantation for AMI from 2 to 76 
days after infarct, and 3 were retransplanted for AMI 
later. Another patient died suddenly after discharge. 
Two patients were found to have old infarctions, | at 
autopsy (the patient died from infection) and | in the 
explanted heart during retransplantation for severe 3- 
vessel CAD. These infarctions of unknown duration 
were found at autopsy or on explantation in patients 
who had not clinically been suspected of having infarc- 
tions. 

Pathology: CORONARY ARTERIES: In all cases the sec- 
tions of the coronary arteries showed diffuse concentric 
intimal proliferation with varying degrees of luminal 
narrowing. In many cases the intramyocardial coronary 
branches were also affected. The elastic lamina was 
characteristically intact with a few short breaks. Calcifi- 
cation was rarely encountered. 

MYOCARDIAL INFARCTS: The pathologic types of myo- 
cardial infarcts seen in this study are summarized in 
Table I. There were 14 transmural AMIs, 11 of them 
recent, showing myocyte necrosis, inflammatory infil- 
tration, myocytolysis and early reparative features. Four 
subendocardial infarcts (3 acute) and 4 multiple focal 
acute and chronic infarcts were found (Figure 2). 


DISCUSSION 

These data document a clinical picture of AMI in 
cardiac transplant recipients different from that in non- 
transplant patients. Presenting symptoms rarely include 
chest pain; vague complaints can easily be misleading 
unless a diagnosis of AMI is carefully considered and 
appropriate laboratory documentation obtained. In this 
series, 12 of 25 episodes were misdiagnosed on admis- 
sion and only 13 had serial creatine phosphokinase val- 











ri age included acute infec- 









AMI a Transplant | recipient. Three patients had pain, 
which resembled the pain characteristic of angina pec- 
toris in only 2. The pathophysiologic explanation of 
these angina complaints is not clear because provocative 
testing in patients after transplant (including adminis- 
tration of atropine and amyl nitrate) has confirmed the 
continued functional efferent denervation of the trans- 
planted heart; long-term denervation of allografts has 
been confirmed morphologically as well. ? 

_. Donor hearts had been obtained from persons (mean 
age 26) whose past history, electrocardiograms and cir- 
cumstances of death did not suggest clinical CAD. In 
selected circumstances coronary angiography of poten- 
tial donor patients was performed to verify absence of 
CAD. It is therefore presumed in this analysis that all 
donor hearts were initially free of CAD. 

Despite the atypical presentations, AMI in cardiac 
transplant recipients proved to be a highly morbid 
event, leading to death in the acute phase in 7 of the 25 
episodes and to retransplantation in 12 from 2 days to 6 

months after infarct. Two other patients were dis- 
charged; subsequently, 1 died out of the hospital and 1 
died of a second AMI. Four unsuspected episodes of 

AMI were found at autopsy or explantation in patients 
with no pre ous symptoms or evidence of AMI, but 
locumented. angiographic evidence of 






transplant CA 
The sa hlogy of the coronary arteries in long-term 
cardiac allograft survivors has already been well de- 
scribed.?"!! The lesions differ from naturally occurring 
CAD in that they affect the whole length of the vessel 
and its branches, and calcification and atherosclerotic 
_ plaques are rare. Such concentric and longitudinal inti- 
~mial-lesions result in a fairly uniform narrowing of the 
essel lumen that may be missed on arteriograms. 
“The multiple small focal infarcts seen in several 
-cases were most likely the result of multiple small 
branch occlusions resulting in smaller areas of infarc- 










- tion. This pattern has previously been seen only as a 
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result of showers of small emboli or spasm of co 
arterioles due to pressor agents or vasoconstrictive dr 
such as cocaine. It is unlikely that these scars repr 
healed acute rejection, as they are usually smaller a: 
more stellate in appearance, and of different sizes. Also | 
in some cases described here, documented acute rejec- 
tion only occurred once early in the postoperative peie 
od. 


























































Physicians caring for cardiac transplant recipients- 
should be alert for the possibility of transplant CAD. 
and the frequently atypical presentation of AMI. Clini= 
cal surveillance should include annual coronary angiog 
raphy with careful serial angiographic comparisons. Se- 
rial creatine phosphokinase and electrocardiograms 
should be obtained when patients show any new ar 
rhythmia, sudden onset of shock, unexplained heart fail- 
ure or baseline electrocardiographic changes even mild- 
ly suggestive of ischemia. The level of surveillance for . 
ischemic events should be especially high in patients 
with known CAD, even if the CAD is angiographically- 
mild, because the disease can advance quite rapidly and 
because angiography can severely underestimate its se- 
verity. Only by recognizing the occurrence of AMI can 
appropriate therapy be undertaken. X 
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treatment of myocardial ischemia is well estab- 
lished, the use of theophylline, proposed almost a 
century ago, is still controversial. Also controver- 
sial is its mechanism of action, initially thought to 
be coronary dilation. In this randomized, single- 
blind study, the acute effects on exercise capacity 
of sublingual isosorbide dinitrate (10 mg) and of in- 
travenous theophylline ethylenediamine (7 mg/kg) 
were assessed in 10 patients with chronic stable 
angina and positive exercise test. After the admin- 
istration of theophylline, the time to onset of angi- 
na, the heart rate-blood pressure product at 1-mm 
ST-segment depression and the exercise duration 
were similar to that after isosorbide dinitrate ad- 
ministration (9.8 + 2.3 vs 9.3 + 1.7 minutes, 207 
+ 41 vs 207 + 48 beats/min - mm Hg - 10-2 and 
10.8 + 2 vs 10.4 + 2 minutes, respectively). Both 
drugs significantly (p <0.001) improved all these 
parameters compared to the baseline exercise test. 
The effect of the 2 drugs on the diameters of angio- 
graphically normal segments of large epicardial 
coronary arteries was then assessed using comput- 
erized quantitative angiography in 10 other pa- 
tients with stable angina. Whereas theophylline 
failed to increase the coronary diameters compared 
to that in the baseline angiogram (2.9 + 0.6 vs 2.9 
- + 0.6 mm, respectively), the subsequent adminis- 
tration of isosorbide dinitrate resulted in an in- 
=>> crease up to 3.2 + 0.7 mm (p <0.02). Thus, in pa- 
tients with stable angina, theophylline delays the 
onset of angina, increases the ischemic threshold 
-and prolongs the exercise duration to the same de- 
<. gree as isosorbide dinitrate. The mechanism of ac- 
x tion of these 2 drugs, hawever, appears to be sub- 
`- stantially different. Indeed, while nitrates dilate epi- 
ae cardial coronary arteries and are known to 
- decrease the preload, theophylline does not dilate 
-epicardial coronary arteries and is known to in- 
crease the cardiac work. Therefore, a new mecha- 
ism of action, probably redistribution of coronary 
lood flow from nonischemic to ischemic myocardi- 
, Should be postulated to explain the antianginal 
t of theop shylline. This potentially novel anti- 
mic effec t, if confirmed, could open the way to 
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_ While the role of nitrates in the prevention and 
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treatment of myocardial ischemia was observed. 

for the first time by Brunton in 1857! and by 
Askhanazy in 1895, respectively. It was subsequently 
hypothesized that the prevailing mechanism of action of 
both drugs was coronary dilation.!-3 Whereas the role 
of nitrates in the treatment of effort-induced angina 
pectoris is well established,+> as well as the importance 
of coronary dilation in determining their beneficial ef- 
fects,® the nature of the antiischemic action of theophyl- 
line is still controversial. Indeed, the evidence that the- 
ophylline is a coronary vasodilator is far from convinc- 
ing. Coronary vasodilation has only been observed in 
vitro or in anesthetized animals using high doses of the- 
ophylline, sufficient to produce a marked increase of 
myocardial oxygen consumption. 78 By contrast, the ad- 
ministration of theophylline in unanesthetized dogs, at 
doses that do not cause a marked increase of myocardi- 
al oxygen consumption, provokes coronary vasoconstric- 
tion rather than vasodilation.? Similar results have been 
found in patients.!° As the beneficial effect of theophyl- 
line on exercise-induced myocardial ischemia has re- 
cently been confirmed,''-!3 we undertook a study to 
compare the effect of theophylline and of nitrates on 
exercise capacity and on the diameter of large epicardi- 
al coronary arteries in a group of patients with stable 
angina pectoris and documented coronary artery dis- 
ease. 


T efficacy of nitrates and theophylline in the 





METHODS 

Patients: Twenty patients (16 men, 4 women; aged 
49 to 68 years, mean 61) with stable effort angina pec- 
toris (duration of symptoms ranging from 6 months to 6 
years, mean 2.1 years), exercise test positive for angina 
and myocardial ischemia (horizontal or downsloping 
ST-segment depression >1 mm) and documented coro- 
nary artery disease (internal diameter reduction >70% 
of at least 1 major branch) participated in this trial. 
Coronary angiography showed 1 severely narrowed cor- 
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“5 <0. O01 vs baseline exercise. 
B= baseline: 1D = 


onary. artery in 4 patients, 2 arteries in 10 patients and 3 
arteries in 6 patients. Eight patients had a previous 
myocardial infarction >3 months before the study. All 
patients were normotensive, in sinus rhythm and with- 
out evidence of heart failure, cardiomyopathy or valvu- 
lar disease. No patient had evidence of left ventricular 
hypertrophy or conduction defects on the electrocardio- 
gram. All patients participating in this study gave writ- 
ten informed consent. 
: _Effect of theophylline and isosorbide dinitrate on 
er ed myocardial ischemia: Ten of the 20 
p tients: underwent this trial. Within 1 week of a base- 
xercise 1 test, performed while patients were not re- 
ceiving treatment, the patients underwent a single-blind, 
randomized trial of the effect of theophylline ethylene- 
diamine and of isosorbide dinitrate on exercise capacity. 
Patients were randomized to receive either intravenous 
theophylline ethylenediamine (7 mg/kg over a period of 
10 minutes) or sublingual isosorbide dinitrate (10 mg) 
on 2 consecutive days, and an exercise test was per- 
formed within 2 minutes of drug administration. The 
ethylenediamine, therapeutically inert, increases the sol- 
ubility of theophylline, allowing its intravenous use.!* 
© All exercise tests were performed between 9 a.m. and 
|. according to the modified Bruce protocol. Ni- 
ther than ‘sublingual nitroglycerin and calcium 
Ww ithdre awn 2 days. before exercise test- 
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isosorbide dinitrate; RPP = rate pressure product SD = standard deviation; T = theophylline ethylenediamine. 
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exercise test were 2-mm horizontal or downsloping ST- 
segment depression, angina of moderate severity (de-. 
fined as the level of discomfort at which the patient 
would normally stop activity) or fatigue. Twelve-lead - 
electrocardiogram and blood pressure (cuff sphygmo- ~ 
manometer) were obtained before drug treatment, im- — 
mediately after, at 1-minute intervals during the exer- ` 
cise, and at 5 and 10 minutes after exercise. Three elec- 
trocardiographic leads were continuously monitored be- 
fore, during and after exercise. Before each test patients 
were instructed to promptly indicate the onset of angi- 
na. The level of the ST segment, 60 ms after the J point, 
was calculated, after signal averaging, by a computer- 
assisted system (CASE Marquette 12) in all 12 leads. 
The lead showing the greatest ST-segment depression. 
was selected for analysis. The calculated values were. 
printed out, along with the heart rate, against time in 
trend format. This provided measurements of the ST- 
segment level with an accuracy of 0.1 mm. The degree 
of ST- -segment depression was expressed in millimeters 
The exercise tests were analyzed blind to the treatment 

Effect of theophylline and isosorbide dinitrate on 
the diameter of large epicardial coronary arteries: Th 
remaining 10 patients underwent an angiographi 
study. After diagnostic coronary arteriography, left 
onary E aa was A eat within 2 minutes 
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-Abbreviations as in Table | 


< = coronary arteriogram was subsequently obtained in the 
same projection within 2 minutes of the sublingual 
administration of 10 mg of isosorbide dinitrate. The di- 


proximal and distal third of the left anterior descending 
. coronary artery were measured by an automated 
edge contour detection computerized analysis system 
(CAAS, Pie Data Medical). The size of the stem of the 
Judkins catheter was used for calibration purposes to 
obtain measurements in absolute units (mm). Correc- 
tion was made for radiographic pincushion distortion. 
The arteriograms were analyzed by 2 independent ob- 
servers blind to the treatment. 


Distal segments 
(mm) 


Proximal segments 
(mm) * p<0.02vs Band T 
4 





: ameters of angiographically normal segments of the _ 


The statistical analysis was palaid by dhe: St 
dent ¢ test for paired data. A p value <0.05 was consid- 
ered statistically significant. Data are presented a: 
mean + | standard deviation. 


RESULTS 


Effect of theophylline and isosorbide dinitrate on 
-exercise-induced myocardial ischemia: After theophyl- 


line infusion the time to 1-mm ST-segment depression, 
the heart rate at l-mm ST-segment depression and the 
heart rate-blood pressure product at 1-mm ST-segment 
depression were similar to that obtained after isosorbide 
dinitrate administration (10 + 2.1 vs 9.6 + 1.8 minutes, 
134 + 21 vs 130 + 18 beats/min, 207 + 41 vs 207 + 48 


beats/min - mm Hg - 1077, respectively). Also similar 
were the time to onset of chest pain (9.8 + 2.3 vs 9.3 + — 


1.7 minutes, respectively), the maximum heart rate- 
blood pressure product (210 + 40 vs 210 + 43 beats/ 
min - mm Hg - 1072, respectively) and the exercise du- 


ration (10.8 + 2 vs 10.4 + 2 minutes, respectively). All — 


these parameters were significantly greater (p <0.001) 


than those obtained during baseline exercise testing 


(Table I). Peak ST-segment depression after theophy!l- 
line was similar to that after isosorbide dinitrate admin- 
istration (1.3 + 0.3 vs 1.4 +.0.4 mm). In both cases it 
was less than during the baseline exercise testing (1.5 + 
0.3 mm), although this difference did not achieve statis- 
tical significance. 

Effect of theophyiline and isosorbide dinitrate on 
the diameter of large epicardial coronary arteries: A 
total of 10 proximal and 10 distal angiographically nor- 
mal segments of the left anterior descending coronary 
artery were analyzed. None of the analyzed vessels was 
filled by collaterals. After theophylline infusion the di- 
ameters of proximal and distal segments were similar to 
those in the baseline angiogram (2.9 + 0.6 vs 2.9 + 0.6 
mm and 1.8 + 0.3 vs 1.7 + 0.3 mm, respectively). Con- 
versely, isosorbide dinitrate administration increased the 
diameters up to 3.2 + 0.7 (p <0.02) and 2.1 + 0.4mm 
(p <0.02), respectively (Figure 1 and Table II). 


DISCUSSION 

This single-blind, randomized study shows that in 
patients with stable angina pectoris theophylline delays 
the onset of angina, increases the ischemic threshold (as 
reflected by heart rate-blood pressure product at 1-mm 
















































of ST-segment depression) and prolongs the exercise | 


duration to the same degree as isosorbide dinitrate. The 
possible therapeutic role of theophylline, despite some 
encouraging clinical results obtained in the early twenti- 
eth century,*!>!6 has long been overlooked. This was 
probably because the inotropic and arrhythmogenic ef- 
fects of theophylline were thought to be dangerous in 
patients with ischemic heart disease. For these reasons, 


theophylline was defined as a “malignant. vasodila- 
tor.” !7 Our study shows that- theophylline is neither — 
in agreement with ‘some recent studies,” 11- as 


“malignant,” 
'3 nor a dilator of epicardial 
in our Pame i nitrate 













I epicardial vessels, it would appear that the antiis- 
mic effects of these 2 drugs are likely to be different. 
his study angiographically normal coronary seg- 
m is. were analyzed because they allow a more accu- 
rate quantitative analysis and are also responsive to po- 
tential endothelium-dependent vasodilator stimuli. 18 
The demonstration, in previous studies, that nitrates 
can dilate pliable coronary stenoses and can markedly 
reduce the transstenotic pressure gradient led to the 
conclusion that the coronary effects of nitrates may play 
an important role in determining their antiischemic ac- 
tion.®!9 This was confirmed by the observation that 
their peripheral effects are similar in patients with a 
pronounced improvement of exercise capacity and in 
those with a negligible improvement and by the fact 
that verapamil, a drug that dilates large coronary arter- 
ies without producing marked peripheral vascular ef- 
fects, improves exercise-induced myocardial ischemia as 
nitrates do. ae 
_ As theophylline appears to increase cardiac work? 
despie an increase of venous compliance,” and as we 
could not document any dilation of epicardial coronary 
arteries, it would appear that its antiischemic effect is 
due to reasons different from those traditionally accept- 
ed. Some clues to its possible mechanism of action are 
offered by experimental studies. It is well recognized 
that the metabolic dilation of coronary resistance ves- 
sels, in the myocardial region supplied by a flow-limit- 
ing stenosis, may cause subendocardial ischemia due to 
transmural redistribution of coronary blood flow.** This 
occurs even though the total inflow blood volume would 
be adequate to prevent myocardial ischemia, if properly 
distributed across the ventricular wall.” As theophylline 
limits the metabolic vasodilation of small coronary 
arteries to a greater extent in the absence than in the 
presence of myocardial ischemia,” it would seem rea- 
sonable to speculate that theophylline could limit coro- 
nary vasodilation more in the subepicardium, which is 
not ischemic, than in the ischemic subendocardium. 
This, in turn, would reduce blood flow to the subepicar- 
dium, thus increasing poststenotic pressure and delaying 
the development of subendocardial ischemia. Further- 
more, a reduction of the metabolic vasodilation distal to 
collateral donor arteries might raise the perfusion pres- 
sure at the origin of collaterals, thus increasing collater- 
al blood flow to the ischemic myocardium.’8 In a previ- 
ous report,'? we referred to this possible mechanism of 
action of theophylline as the “Robin Hood effect,” after 
a popular English hero known to steal from the rich to 
give to the poor. The transmural redistribution of coro- 
nary blood flow caused by selective constriction of non- 
ischemic myocardial vessels would in this case be differ- 
ent from that obtained with nitrates, which is secondary 
to a reduction of end-diastolic pressure. The latter can, 
indeed, be observed during intravenous injection of ni- 
troglycerin,?° but not during intracoronary administra- 
tion of the drug. 30 Clinical studies to assess the effect of 
ami nophylline on the distribution of coronary blood 
| different myocardial regions (using perfusion 
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scintigraphy) and experimental studies to assess its ef- 
fect on the transmural distribution of coronary blood 
flow (using labeled microspheres) are warranted to es- — 
tablish whether its antiischemic section is indeed medi- 
ated by the “Robin Hood effect.” | 
An important limitation of this study is the use of a — 
single-blind design. However, the selection of objective 
endpoints (such as time to and heart rate-pressure prod- 
uct at l-mm ST-segment depression), the computerized 
assessment of the electrocardiogram and of coronary di- 
ameters and the result analysis blind to the treatment 
should substantially overcome the drawbacks of the sin 
gle-blind design. : 
Our findings do not allow us to predict the potenti 
therapeutic importance of this drug for long-term or: 
use, in view of the known side effects of theophyllin 
However, if the novel mechanism of action proposed | 
this study will be confirmed, this could open the way .t 
a new class of antianginal drugs, as was the case for: 
blockers and nitrates after the introduction of the cor 
cept that myocardial oxygen demand could be reduced 
pharmacologically, and for calcium antagonists and ni- 
trates after introduction of the concept that a primary 
impairment of coronary blood flow could be prevented — 
by reducing coronary smooth muscle tone. : 
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è Minimal serum fluctuations—no significant peaks, no significant 
troughs? 


è Favorable vasodilatory side-effects profile. The most common side 
effects are peripheral edema, which is not associated with fluid 
retention, and headache 


In controlled trials of 776 patients with PROCARDIA XL, 
edema resulted in discontinuation of therapy in 2.7% of patients. 


Please see brief Summary of prescnbing informauon on last poge 





New, Once-a-Day 


Procardiia. 





ONCE-DAILY DOSING 
CONTROLS HYPERTENSION FOR 
A FULL 24 HOURS 


Efficacy as Monotherapy Compared With Diuretic Therapy’ 


PATIENTS ACHIEVING GOAL BLOOD PRESSURE (Diastolic BP < 90 mm Hg)! 
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Double-blind, 14-week, parallel study comparing PROCARDIA XL (30-60 mg once daily) with hydrochlorothiazide (25-50 mg 
once daily) and placebo in 102 patients with mild to moderate hypertension. Blood pressure measurements were made 

24 hours after last dose. Goal blood pressure was defined as diastolic pressure <90 mm Hg. (Reported by Gavras | et al, 

Am J Med, 1987.5) 





results of a Double-Blind, 14-Week, Parallel Study of L 
2ROCARDIA XL and Long-Acting Propranolol in 63 : 


dypertensive Patients: 


2ATIENTS ACHIEVING GOAL BLOOD PRESSURE? 
Diastolic BP < 90 mm Hg and/or a 10 mm Hg reduction) 
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Long-acting | 
propranolol — 


Jouble-blind, 14-week, parallel study to compare the efficacy and safety of PROCARDIA XL {30-90 mg/day) and long-acting 
yropranolot (80-240 mg/day) in 63 patients with moderate essential hypertension (sitting diastolic blood pressure 95-110 mm Hg) 
who were already receiving diuretics. Blood pressure measurements were made 24 hours after last dose. Goal response was 
jefined as either: (a) diastolic blood pressure < 90 mm Hg at the final visit. or (b) diastolic blood pressure = 90 mm Hg or at 

easta 10 mm Hg reduction from baseline. (Reported by Frishman WH et al. Am J Cardiol. 1989.7) 





Results of a Single-Blind, Randomized Trial of PROCARDIA XL 


and Enalapril in 59 Black Hypertensive Patients’: : 


DECREASE IN SUPINE BLOOD DECREASE IN STANDING BLOOD 
PRESSURE FROM BASELINE? PRESSURE FROM BASELINE’ 
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PROCARDIA XL Enalapril PROCARDIA XL Enalapril y 
Systolic — Diastolic 





Single-blind, randomized trial to compare PROCARDIA XL. (30-150 mg/day) with enalapril (5-40 mg/day) in 59 evaluable black 
hypertensive patients. Mean supine and standing diastolic BP for PROCARDIA XL was 102 mm Hg and 105 mm Hg. respectively. 

and for enalapril, 101 mm Hg and 105 mm Hg, respectively. Goal blood pressure was defined as = 90 mm Hg anda = 10 mm Hg 
decrease. BP was measured 24 hours after the last dose on final titration visit. (Data on file. Medical Department. Pfizer Laboratories.) 


Please see brief summary of prescribing iaformation on last page 





ONCE-DAILY DOSING CONTROLS ANGINA 
FOR A FULL 24 HOURS 


Efficacy Compared to Nifedipine Capsules? 
ANGINA FREQUENCY? 
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*p value relative to baseline 
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Nifedipine -PROCARDIAXL = PROCARDIAXL PROCARDIA XL. 






Fourteen-week, open, crossover trial to compare the efficacy and dose equivalency of nifedipine capsules {weeks 1 and 2) 
versus PROCARDIA XL (weeks 3-14) in 98 patients with chronic stable angina who had been on nifedipine capsules at least one 
month prior to the study. Ninety-one patients remained on other antianginal medications throughout the study; the majority 
were on beta blockers and/or nitrates. (Reported by Vetrovec GW et al, Am J Med, 1987.3) 

The combination of PROCARDIA XL and beta-blocking agents is usually well tolerated, but there have been occasional reports 
of congestive heart failure and severe hypotension. Therefore, these patients should be monitored closely. 


No Development of Tolerance? 


MEAN EXERCISE TIME® 
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_ Baseline -PROCARDIA XL -PROCARDIA X! 
Nifedipine capsules § 3h post dose 24 h post dose- 
© 2: Shpostdose. cs l ee 


Results of a 14-week, open-label, crossover trial to compare the efficacy and dosing equivalency of nifedipine capsules (weeks 
| and 2) versus PROCARDIA XL (weeks 3-14) in 10 patients with stable angina. Total daily nifedipine doses were: nifedipine 
capsules: 30 to 60 mg/day (mean = 40 mg/day}; PROCARDIA XL: 30to 60 mg once/day (mean = 39 mg once/day}. Patients 
remained on other antianginal medication throughout the study, including beta blockers and/or nitrates. Serial treadmill 
exercise testing was performed at baseline while on nifedipine Capsules, at 2 weeks of treatment with PROCARDIAXL and after 
12 weeks of treatment with PROCARDIA XL. (Reported by Vetrovec GW et al, Am Heart J. 1988.8) 


@ No tolerance was reported after 12 weeks of PROCARDIA XL therapy® 





Favorable Vasodilatory Side-Effects Profile in Angina Patients: 


% INCIDENCE OF ADVERSE EXPERIENCES“ 
NIFEDIPINE CAPSULES PROCARDIA XL EXTENDED RELEASE TABLETS 
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Edema Head- Flushing Dizzi- Palpi- Edema Head- Flushing Dizzi- Palpi- 
ache ness tations 


ache ness tations 


Direct comparison of the frequency of occurrence of the adverse experiences with 
nifedipine capsules to that reported with PROCARDIA XL is difficult as these data 
were not obtained from controlled studies comparing the two formulations. 


In the combined populations, hypertension and angina: 
@ Only edema and headache were more common in PROCARDIA XL patients than 
in placebo patients 


e The incidence of edema occurs in a dose-dependent manner with an incidence 
range from approximately 10% to about 30% at the highest dose studied (180 mg) 


è Edema is not associated with fluid retention, as evidenced by no mean weight 
gain in a multicenter study of 164 patients treated with PROCARDIA XL for 


13-18 weeks? 


è In controlled trials of 776 patients with PROCARDIA XL, edema resulted in 
discontinuation of therapy in 2.7% of patients“ 


è The incidence of headache was 15.8% (vs 9.8% for placebo) 


Please see bref summary of prescribing information on last page 


New, Once-a-Day 





In Angina Patients, Ischemic Events Cluster in the 
Early Morning Hours 


è A significant circadian variation exists in the pattern of occurrence of ischemic 
events measured by ST-segment depression on ambulatory ECG monitoring 
with peak ischemic activity occurring in the first 1 to 6 waking hours!0 

CIRCADIAN PATTERN OF ISCHEMIC EVENTS1° 
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Distribution patterns of the time of transient myocardial ischemia with ST-segment depression in patients with stable angina, 
as detected by 24-hour Holter monitoring. (Adapted from Muller JE et al, Circulation, 1989.10) 


| Now, Once-Daily Dosing Delivers Essentially Constant 
24-Hour Plasma Levels 
MEAN STEADY-STATE PLASMA CONCENTRATIONS WITH PROCARDIA XL TABLETS“ 
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Mean steady-state plasma concentrations of PROCARDIA XL tablets {daily dose: 60 mg q.d.} in 21 healthy volunteers. (Data on 
file. Medical Department, Pfizer Laboratories, Pfizer Inc.4} 


HOUR CONTROL FOR BOTH 


HYPERTENSION AND ANGINA 





EASY TO INITIATE ONCE-DAILY DOSING 


è Initiate once-a-day therapy with a single 30-mg or 60-mg PROCARDIA XL Extended 


Release Tablet, swallowed whole 


EASY TO SWITCH TO ONCE-DAILY DOSING 





@ Over 90% of angina patients controlled on nifedipine capsules were easily switched and | 
controlled on PROCARDIA XL Extended Release Tablets at the nearest total daily dose* 


TITRATION SHOULD PROCEED AS CLINICALLY WARRANTED 
è For full dosage instructions, see prescribing information 


References: 1. Gavras |, Mulinari R, Gavras H, et al: Antihypertensive effectiveness of the nifedipine gastrointestinal therapeutic system. Am J Med 1987:83(supp! 6B):20-23. 2. Frishman WH, 
Garofalo JL, Rothschild A: The nifedipine gastrointestinal therapeutic system in the treatment of hypertension. Am J Cardiol 1989:64(suppl to No. 11}:65F-69F, 3. Vetrovec GW, Parker VE, Cole 5, 

et al: Nifedipine gastrointestinal therapeutic system in stable angina pectoris: Results of a multicenter open-label crossover comparison with standard nifedipine. Am J Med 1987 (83(suppi 66):24-29. 
4. Data on file. Medical Department, Pfizer Laboratories, Pfizer inc, New York. §. Chung M. Reitberg OP, Gaffney M, et al: Clinical pharmacokinetics of nifedipine gastrointestinal therapeutic o o o. 
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Briel Summa 

PROCARDIA es nifedipine) Extended Release Tablets For Oral Use 
PONTARINDICATIONS: Koowe hypersensitivity reaction to nitedipine. l aoe 

WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, 


occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial Utration 
or at the time of subsequent upward poy ad adjustment, and may be more likely in patients on concomitant beta Blockers. 
Severe hypotension and/or increased fluid volume requirements haye heen reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary ar tery bypass surgery using high dose tentanyi anesthesia, The interaction with high dose 
fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it may occur with nifedipine am 
with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treat 
patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be aware af these potential problems 
rie if the patients Condition permits, sufficient lime (at least 36 hours} should be allowed tor nifedipine to be washed out of the body prior 
surgery 
hei owing information should be taken into account in those patients who are being treated for hypertension as well as angina: 
increased Angina and/or rdial intarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
ease, haved d weil documented increased frequency, duration and/or seventy of angina or acute myocardial infarction on starting 
nitedipine ar at the time of dosage increase. The mechanism of this effect is not established, fed naka 
cker Withdrawal: it is important to taper beta blockers if possible, rather than Soe ee abruptly before beginning nifedt- 
pine. Patients esi withdrawn from beta Dockers may develop a withdrawal syndrome with increased angina, probably related to 
pire tect tg catecholamines, initiation of nifedipine treatment will not prevent this occurrence and on Occasion has been 
f increase R. 
ng e Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning nifedipine. 
Patients with tight aortic stenosis may be at greater risk for such an event, as the rarae gg of nifedipine would be expected to be 
of less benafit to those patients, owing to thelr fixed impedance to flow across the aortic vave. ye ne 
PRECAUTIONS: Genera tension: Because mseciping decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggested. Close observation ig especially recommended for 
atients already aking medications that are known fo lower biood pressure (See WARNINGS) 0 ; 

i | Edema: Mild ic moderate peripheral edema occurs in a dose dependent manner with an incidence fanging from apron 
mately 10% to about 30% at the highest dose studied (180 mg. itis a localized phenomenon thought to be sssociated with vasodiation 
of dependent arterioles ang smal! blood vessels and aot due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hyper tension is complicated by congestive heart failure, care should be taker to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction. ce i l . 

Laboratory Tests Hare, usually transient, but occasionally significant elevations of enzymes such as alkaline roll es LDH, 
SGOT, and SGPT have been nofed. The relationship te nifedipine therapy is uncertain m mast cases, but probabie in some, These tabora- 
tory abnormalities have rarely been associated with clinical symptoms, however, cholestasis with or without jaundice has been renorted, 
Asmail (54%) nerean in maan alkaline phosphatase was in patients treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical symptoms and It rar peana ip values which fali outside the normal range, Rare instances of allergic hepatitis 
have been reported. in controlled studies, PROCARDIA XE did not adversely affect serum urie acid, glucose, ar cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
patients receiving concomitant diuretics. Soap og Nc fo ig Ss 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vifeo. Limited clinical studies have demonstrated a 
moderate bul statistically significant decrease in platelet aggregation and increase in bleeding tiene in some nifedipine patients, This is 
nought to Hea saion of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has 

n (HETGHstyaled. 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory tent. including bamolysis could not be determined. bow l i 
Although aitedipine has been used safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain 
cases, fare feversibig elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency. 
The relationship to nifedipine therapy iS uncertain in most cases but prohabie in some. 
p interactions- Beta-adrenergi blocking agents: {See WARNIN 


severe hypotension, or exacerbation of angina. yi Ae l i l 
. Long cung Nitrates: Nifedipine may be Safely co-administerad with nitrates, but there have been no controlled studies to evaluate the 





Sa Tari ker Nakana 
tem probably responsible tor the first- 
aaier er res Maion is advised. 





Carcinogenesis, Mutagenesis, impairment of gp’ Jaa ted was administered orally to rats, tor two years and was nel shown tt 
be carcinogenic, When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
recommended human dose. in vivo mutagenicity Studies were negative, — 5 Pes he ak 
Pregnancy: Pregnancy Category C, Nifedipine flas bean shown fO be teratogenic in rats when given in doses 30 tinas the manum: =n 
recommended human dose. Nifedipine was embryotouc (increased fetal resorptions, decreased fetal weight. increased Stunted form, 
increased fetal deaths, decreased neonatal survival) in rats, mice, anid rabbits at doses of from 3 to 10 times the maximum recommended 
human dose. in pregnant monkeys, doses 23 and twice the maximum recommended i 
underdeveloped chorionic villi. in rats, doses three times maximum human dose and higher caused prolongation of pregnan- fher z 
are no adequate and well controlled studies i pregnant women. PROCARDIA XL * initedipine} Extended Release Tablets Arenig bb used - 
duri ppa s if the potential benefit justities me potential risk to the fetus. . oe 
E ES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets im 
hypertension amd angina were included in the evaluation of adverse experiences. AN side effects reported during PROLARDIA XL 
ended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common sida piloni 

reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 8 o adea 30% at the 
highest dose studied (180 mq}. Other common adverse experiences reported in placebo-controiied trials include: neadache 158%, 
compared to 9.8% placebo incidence), fatigue (5.9%. oon to 4.1% placeho incidence), dizziness (4.1%. compared 184.5% placebo 
incidence), constipation (3.3%, coripared to 2.3% placebo incidence}, and nausea (3.3% pl to 19% placene medencei Of 
these, only edema and headache were more common in PROCARDIA Xi patients than facebo patients. cee 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidante af these 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain: cardiovascular; palpitations, refira] 
nervous system. insomnia, nervousness, paresthesia, somnolence: dermatologic: pruritus, rash; astrombestical: abgominal ain, 
ore ry di dyspepsia, flatulence’ musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspnea; 
urogenital: wapotence, polyuria. S: l l PE gee: Ta 

er advonee nacions were reported sporadically with an incidence of 10% or iess, These include: body as a piik foe. 


hes. malaise, periorbital edema, rigors: cardiovascular: arrhythmia, hypotension, increased angina, wcnycatdia,. 





edema, fever, hot flas ] inerea na 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesta, migraine, parare 
vertigo: dermatologic: alopecia, increased sweating. wian, pna. gasiroimesiinal. etuctation, gast Bg 








phages! rR: gum = 
hyperplasia, meena, vomiting, weight increase: musculoskeletal’ back pain, gout, myalgias: respiratory. coughing, epistaxis, upper © > 
yPerp g. WEIGHT IN ; pain, g res respiratory: COUGHING, BPRS ren ee 


respiratory tract infection, respiratory disorder, sinusitis, special senses: abnormal facrimation, abnormal vision, F 
tinnitus: drogenital/reproguctive: breast pain, dysuria, hematuria, nocturia, eee oe 

Merce experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurmnt disease: Shies OF. 
medications. 2 Sn Se 

in multine-dose U.S. and toreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent bul generally not serious and ry daa discontinuation of therapy or corape Sarara. Mos were 
expected consequences of the vasodilator affects of Procardia, Adverse experiences reported in placebo-controlied trials include: dizi 
ness, iightheadedness, and giddiness (27%, compared to 15% placebo incidence}, using, heat sensation gee, Compares te 8% 
placebo incidence): headache (23%, compared to 2%. aono incidence}; weakness (12%. compared io Kiia placebo meodence): 
nausea, heartburn AM, compared to 8 placebo incidence}. muscle cramps, vemor (8%, compared to 3% placebo medencei, 
peripheral edema (7%, compared to 1% placed Rangi REGET INCE 
palpitation (7%, compared to 5% placebo incidence). dyspnea, cough. and wheezing (0%. compared 16 3% placebe incidence), and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence}. ` i we. 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had-yasosnastic oF 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those sean with PROCARDIA Xt — ea ees 

in addition. mare serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. it remains possible, however, that same or many of these events were drug related. Myocardial infarction occurred inabout 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
oecurred in fewer than 0.5% of patients. “eo E DAE 

in a subgroup of over 1000 po receiving Procantia with concomitant beta Hocker therapy, the patem and incidence of adverse 
experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) a 

n á Sut roup of approximately 250 patients with a diagnosis of congestive Heart failure as well as angina, dizziness or tohthented- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occured in about one im 29 patients. 

neppe Occurred in approximately one patient in 250. Myocardial infarction or symptoms of congestive heart failure each occurred in 
about one patient in {5 Atrial or ventricular dysrhythmias each occurred m about one patient ini 150. 


More detaifed professional information available on request, 
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-TTC t of Intravenous Diltiazem on Myocarc ial 
‘Ischemia Occurring During Percutaneous | 
Transluminal Coronary Angioplasty 


Jan Piessens, MD, Tomasz Brzostek, MD, Francis Stammen, MD, Johan Vanhaecke, MD, D 
Matty Vrolix, MD, and Hilaire De Geest, MD i 


To investigate the antiischemic efficacy of intra- 
venously administered diltiazem, 42 patients were 
randomly allocated to receive placebo or active 
treatment before 1-vessel percutaneous translu- 
minal coronary angioplasty (PTCA). The develop- 
ment of myocardial ischemia was studied using 
subjective (pain) and objective (electri 
phy) parameters. Pretreatment with kranni 
diltiazem resulted in a significantly delayed onset of 
ischemic pain and ST-segment elevation; these 
variables also returned to baseline earlier after bal- 
loon deflation. Thus, intravenous diltiazem prevents 
or delays the onset of myocardial ischemia during 
repetitive transient coronary occlusions; improve- 
ment of the myocardial blood flow distal to the cor- 
onary occlusion or impedance of calcium entry into 
the ischemic cell are considered as possible mecha- 
nisms. Because PTCA is increasingly used in pa- 
tients with poor left ventricular function and more 
extensive disease, and because recent evidence 
tained by the use of longer inflation times, the addi- 
tion of diltiazem to the classic armamentarium 
could be beneficial. | 

(Am J Cardiol 1989564: 1103-1 107) 
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ercutaneous transluminal coronary angioplasty 

(PTCA), with transient time-controlled occlu- 

sions of a coronary artery, provides a unique op- 
portunity to study the effects of regional ischemia on 
the myocardium. Therefore, clinical, electrocardio- = 
graphic, echocardiographic, biochemical and angio- — 
graphic methods have been used!-®; this elegant model 
has also been used to test the antiischemic properties of 
different medications. ”4?-1! Over the past years the in- — 
dications for PTCA have broadened and, as the com- - 
plexity of the procedure increased, the total duration of 
the occlusive episodes has increased. In addition, recent 
evidence suggests that longer inflation periods may re- = 
duce the incidence of local dissection and acute re- 
thrombosis.'2 This has led to an increased interest in 
prophylactic measures to protect the potentially jeopar- 0o 
dized myocardium in this setting.'? Beneficial effects = — 
have been reported with nitroglycerin, propranolol and oo ooo 
some dihydropyridine-type calcium antagonists.24°! In = = 
the present study, we investigated the protective effects 
of diltiazem when administered intravenously to pa- 
tients undergoing l-vessel PTCA. 


METHODS T 
Inclusion criteria: After giving informed consent, Aa oe 
patients with angina pectoris were selected for the — 
study. All these patients were good candidates fora i- = = 
vessel PTCA of a 270 but <100% stenosis of a major .- 
coronary artery. Antianginal medication was interrupt- = 
ed at least 24 hours before the procedure except for sub- © ~ 
lingual nitrates, which were allowed until 6 hours before 
the procedure. The resting electrocardiograms of all pa- 
tients showed a normal QRS complex, except for Q E 
waves, and a normal repolarization. 
Exclusion criteria: Patients were excluded if they 
were older than 70 years or if the blood pressure was 
>180/110 mm Hg. Patients with sinus bradycardia 
<50 beats/min or an atrioventricular block of any de- 
gree were excluded as well as patients treated with digi - 
talis or antiarrhythmic drugs. Clinical signs of heart __ 
failure or a left ventricular ejection fraction <30% were 
also exclusion criteria. Patients were excluded after the > 
study began if the balloon did not cross the stenosis or 
if, during the PTCA, the administration of coronary va- 
sodilators was necessary. Ete 
Protocol: The study was randomized, double-blind S 
and placebo-controlled. Before the PTCA procedure the 
patients received 10, 000 U of heparin oe aad fol- : 












Diltiazem 
(n = 25) 





Ss : Reason for Exclusion 






ae Lesion not crossed- 2 1 
= Nitrates administered 3 1 
<- Arrhythmias necessitating lidocaine l 0 
< {o Emergency CABG 0 l 

į Technical problems l 1 










oP "CABG = coronary artery bypass grafting. 


TABLE n Patient Characteristics 


Placebo 
(n= 21) 
















Age (yrs) 
Sex: M/F 















1-, 2-, 3-vesse! disease 14/7/0 14/6/1 
Degree of stenosis (%) 87 +9 8548 
Presence of coltaterals 1 2 
Ejection fraction (%) 72+2 7543 
Duration of angina (mos) 6.94 2.6 6.1 +41.4 
Indication for angioplasty 

Stable angina 6 5 

Progressive angina 5 4 

Recent onset angina 8 10 

After thrombolysis 1 1 

After restenosis 1 






























TABLE lil Effects on Clinical and Electrocardiographical 
Signs of Ischemia During the First Inflation 


Diltiazem 


(n = 21) p Value 


Presence of IP 17 

Time to onset of IP (s) 22+ 11 46 +13 

Duration of BI {s} 104 +6 11543 

Duration of IP after BD (s) 36.1 + 4.6 23.0 + 3.7 

Presence of 1 mm ST ft 20 18 

Time to onset of 1 mm ~1424106 13.8411.7 
ST f(s) 

Maximal ST t (mm) 

Regression time of ST f 
after BD (s) 


3.8 t 0.8 
3345 


3.0+0.5 
2444 


Values are mean + standard error of the mean. 
BD = balloon deflation; BI = balloon inflation; iP = 


ischemic pain; NS = not 
significant; ST | = ST-T segment elevation. 





~. lowed by 1,000 U/hr for 24 hours. Patients were treated 
_ with either intravenous diltiazem or placebo. Diltiazem 
- -was administered as a loading dose of 25 mg over a 5- 
. minute period followed by a continuous infusion of 15 

_mg/hr that was continued throughout the entire dilata- 
_tion procedure. The placebo patients were treated in an 
identical manner using normal saline. The patients did 

not receive analgesics during the procedure. The first 

balloon inflation was started at least 3 minutes after the 

completion of the intravenous loading dose. The balloon 
_was deflated either because of severe chest pain or after 
.  .@ maximum inflation time of 120 seconds. The second 
and all further balloon inflations were started after the 
Peas -complete disappearance of the clinical and electrocar- 
-< diographic signs of the previously provoked ischemia or 
table baseline was obtained. As soon as a 
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good angiouraphic result was obtaine 
tion attempts were made. Throughout 


patients were questioned. repeatedly about the ae 
and the intensity of chest pain; these responses were _ 
duly recorded along with a surface electrocardiogram. 
The following surface leads were chosen for the left an- 
terior descending artery: DI, aVL, V3, Vs and Ve; for- 


the circumflex artery: DI, aVL, aVF, V; and Ve and 
for the right coronary artery: DTI, DIH, aVF, V; and 


Ve. A 7-channel Mingograf (Siemens-Elema, Sweden) | 


was calibrated so that | mV caused a deflection of 10 
mm. 
Endpoints for analysis: For each inflation, the time 


to onset of chest pain, the duration of balloon inflation — 


and the time to disappearance of pain after deflation 
were noted. Similarly, for each inflation the time to the 
appearance of 1-mm of ST-T segment elevation was re- 
corded and at the end of the inflation the maximum ST- 
T segment elevation was measured by hand at 0.08 sec- 
ond after the J point. After deflation the time to the 
disappearance of these changes was noted. The time to 
the onset of both endpoints was calculated starting arbi- 
trarily 60 seconds before inflation (time, 0 seconds) and 
in the absence of the endpoint the total inflation time 
(120 seconds) was added to this value. The disappear- 
ance time after deflation was registered for a maximum 
of 60 seconds and the value 0 was used for patients 
without pain or ST-T segment elevation. Individual val- 
ues for blood pressure and heart rate were calculated as 
the average of the values obtained just before the first 
inflation and 60 seconds after the last inflation. 

Statistical methods: Cross tabulations, mean values 
and standard deviations of continuous variables were 
calculated for each dilatation attempt and for all dila- 
tions together. All data were expressed as mean + stan- 
dard error of the mean. Observed versus expected fre- 
quencies were compared using the chi-square test (Fish- 
er exact test when the number was <20). For the 
continuous variables the comparison of the 2 treatment 
groups was made using the 2-tailed unpaired Student ¢ 
test. A p value <0.05 was considered significant. 


RESULTS 

In the placebo group the balloon did not cross the 
stenosis in 2 patients, intracoronary nitrates were ad- 
ministered in 3 patients, lidocaine was administered be- 
cause of severe arrhythmias in | patient and technical 
problems occurred in | patient. In the diltiazem group 
inability to cross the stenosis, administration of nitrates, 
emergency coronary bypass surgery and technical prob- 
lems were each the reason for late exclusion in 1 patient 
(Table I). The remaining 42 patients were available for 
analysis: 22 left anterior descending, 12 right coronary 
and 8 circumflex lesions were equally divided between 
the placebo and diltiazem treatment groups. No statisti- 
cally significant differences were found in the main pa- 
tient characteristics (Table H). All patients had a nor- 
mal left ventricular contraction pattern except 1 patient 
with a previous anterior infarction (the PTCA was per- 
formed on a stenotic right coronary artery). In these 
patients a total of 106 6 inflation 5 was p 
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ABLE IV Effects on Ischemic Pain 
— Ail Inflations 


Diltiazem 
(n = 50) 


Placebo 
(n = 56) 


Presence of IP 54 


| Time to onset of IP (s) 2047 5148 
Duration of BI (s) 10444 11841 
- Duration of IP after BD (s) 353 2143 





— Values are mean + standard error of the mean. 
Abbreviations as in Tabie iit 


TABLE V Effects on the Surface Electrocardiogram 
All inflations 






Placebo 
(n = 56) 







Presence of 1 mm ST f 
Time to onset of 1 mm ST ¢ (s) 
Maximal ST f (mm) 

Regression time of ST f after BD (s) 


65468 
3.5 + 0.4 






Values are mean + standard error of the mean. 
Abbreviations as in Table W. 


the placebo group and 50 in the diltiazem group (differ- 
ence not significant). In all patients except 2 diltiazem 
patients at least 2 inflations were performed. 

First inflation: The results for the first inflation 
alone are summarized in Table III. Only 1 placebo pa- 
tient did not experience pain versus 4 diltiazem-treated 
patients. Diltiazem significantly prolonged the time to 
the onset of chest pain and shortened the duration of the 
pain after balloon deflation. For the different electro- 
cardiographic signs of ischemia there was a trend in fa- 
vor of diltiazem. 

All inflations: In the placebo group only 1 patient 
did not report pain during his 2 inflations, whereas in 
the diltiazem group 4 patients did not experience any 
pain during 3 consecutive inflations (p <0.01) (Table 
IV). A substantial number of the patients reported pain 
before the inflation as soon as the guidewire or the de- 
flated balloon was positioned in the stenosis: 30% in the 
placebo versus 18% in the diltiazem group (difference 
not significant). The time of the onset of pain was sig- 
nificantly delayed by diltiazem when the total number 
of inflations was included (p <0.01). When only the 
painful inflations were considered there was a trend in 
favor of active treatment. In the diltiazem group the 
pain was less severe, resulting in longer balloon infla- 
tions (p <0.001). In 50% of the placebo patients the 
balloon had to be deflated earlier than 120 seconds due 
to severe pain compared to only 8% of the diltiazem- 
treated patients (p <0.001). After deflation the disap- 
pearance time of the ischemic pain was longer in the 
placebo-treated patients (p <0.001). This was not only 
true for all inflations but also when only the painful 

inflations were considered (p <0.01). 

<00 Qne-mm of ST-T segment elevation occurred less 
juently in the diltiazem-pretreated patients (p 
Table V). Manipulation of the guidewire and 








Diltiazem 
(n = 50) 


21.8476 
2640.3 








































ted balloon i in 1 the stenosis aru this pua zem has been reported to have significant antiische 
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inflations with IP 


Placebo 
(n = 54) 


Diltiazem 
(n = 38) 














1646 3048 NS 
<0.001 103 + 4 117 2 <0.01 
<0.001 37 +2 2643 <0.01 


inflations with 1 mm ST ¢ 















Diltiazem 
(n = 41) 


Placebo 
(n = 53) 


<0.01 


122207 06+ 4.8 NS 
<0.05 3.7+0.4 3.1 +0.3 NS 
37 +3 


ation before inflation more frequently in the placebo - 
than in the diltiazem group (46 vs 24%, p <0.05). ~ 
When considering all inflations, the time to the onset of - 
a 1-mm ST-T segment elevation was significantly de- 
layed after diltiazem (p <0.01) and the maximum ST- >- 
T segment elevation was less marked (p <0.05). When 
only inflations with a l-mm ST-T segment elevation _ 
were analyzed, there was only a trend in favor of active — 
treatment. In both analyses, however, the regression — 
time of the ST-T segment elevation was significantly 
shorter after diltiazem (p <0.001 and p <0.01, respec- 
tively) (Table V). e 
Effects on heart rate and blood pressure: In both EAS 
groups the mean heart rate was 68 + 2 beats/min. The __ 
mean systolic blood pressure was 128 + 3 and 13243 — 
mm Hg and the mean diastolic pressure was 76 + 2and 
79 + 3 mm Hg in the placebo and diltiazem groups, < 
respectively. The rate-pressure products after placebo — 
and diltiazem administration were 8,617 + 411 and > 
9,311 + 542 beats/min X mm Hg, respectively (dif- ay 
ference not significant). E 
Side effects: The intravenous bolus of diltiazem did. 
not cause specific adverse reactions such as bradycardia: 
During PTCA supraventricular and minor ventricular 
arrhythmias occurred in 25 and 30% of the patients, 
respectively, equally divided over both treatment 
groups. Ventricular fibrillation or tachycardia occurred — 
in 5 patients, all treated with placebo (p = 0.14). Epi- > 
sodes of sinus bradycardia or sinus arrest were observed 
in 25% of the patients without significant difference be- _ 
tween both treatment groups. First-degree atrioventric-. — 
ular block developed in 1 placebo- and in 2 diltiazem- ` 
treated patients. SS 


DISCUSSION AVS 
Antiischemic efficacy: Orally administered dilt j 





























-properties in stable angina pectoris. 14-17 “The anti- 
“ischemic effects of intravenously administered diltiazem 
_are less well established. In the few studies available in 
which the effect of intravenous diltiazem on either exer- 
cise- or pacing-induced myocardial ischemia was inves- 
igated, conflicting results with regard to efficacy and 
net effect on coronary hemodynamics were found.!8-22 
-In the present study, the model of transient controlled 


regional ischemia during PTCA was used to analyze the 


; _ antiischemic effects of intravenous diltiazem on the on- 


~- -set and intensity of the provoked myocardial ischemia. 


_ Diltiazem resulted in a significant delay of the onset of 
clinical and electrocardiographic signs of ischemia when 
all the ischemic episodes were considered. Moreover, 
the intensity of the ischemic pain and the total burden 
of ischemia as reflected by the time course and extent of 
ST-T-segment changes was considerably reduced by 
diltiazem. This resulted in longer balloon inflations. Re- 
cent animal studies, using the same model, are in accor- 
dance with these findings.” The same trend was al- 
ready present when only the first inflations were includ- 
ed, although for most ischemic parameters the level of 
significance was not reached. This is explained by the 
limited number of observations, but the possibility also 
exists that the peak antiischemic effect was not yet ob- 
tained 3 minutes after the bolus administration of diltia- 
zem. 

Mechanism of action: Several possible mechanisms 
for this protective effect have been proposed. Diltiazem 
may decrease the myocardial oxygen demand by a pe- 
ripheral hemodynamic action or by a direct negative 
inotropic effect.*+-26 Diltiazem has also been reported to 
reduce coronary arterial resistance or to recruit collater- 
als, or both, resulting in increased oxygen supply.242?-30 
In the present study diltiazem did not induce significant 
differences in heart rate, blood pressure or rate-pressure 
product, which does not support reduced oxygen con- 
sumption as a likely explanation for the beneficial ac- 
tion of diltiazem. Other studies have shown that similar 
dosages of intravenous diltiazem do not change the 
- heart rate; however, small decreases in blood pressure, 

related to the initial pressure, were observed. The lack 
-of a decrease of blood pressure in the present study may 
be because the initial mean blood pressure in this pa- 
tient population was considerably lower. Consequently, 
myocardial cell protection or improved blood flow distal 
to the coronary occlusion, as already reported for a 


© - dihydropyridine calcium antagonist,!° are plausible 


hypotheses to explain the results. 

Study design and limitations: As in other studies, 
PTCA was used as a tool for controlled regional myo- 
cardial ischemia, while studying the antiischemic prop- 
„erties of a drug. In previous studies the patients served 
as their own controls (i.e., inflations with and without 


= active drug treatment were compared in the same pa- 
_ tient). However, considerable doubt exists regarding the 


eproducibility of ischemic manifestations during repeti- 
tive balloon inflations.' Therefore, a substantial number 
of patients were randomized between active drug treat- 
nt and placebo. . The paneo and lesion characteris- 
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ed by the present findings. Collateral flow was not mea- 
sured in this study for methodologic reasons. No at- 
tempt was made to study possible metabolic effects of 
diltiazem; this would require blood sampling from the 
coronary sinus, with its known drawbacks, and would 
apply only for the left anterior descending artery. Be- 
cause the study was designed to analyze the action of 
diltiazem on different territories this technique was in- 
tentionally not applied. 


Clinical implications: Intravenous diltiazem prevents 


or delays the onset of regional myocardial ischemia dur- 
ing PTCA. As the indications for PTCA have broad- 
ened, more patients with extensive disease, poor left 
ventricular function or both will be encountered. Espe- 
cially in these patients, prolonged ischemia should be 
prevented. In addition, recent evidence suggests that 
longer inflation times can ameliorate the results of angi- 
oplasty. Consequently, intravenous diltiazem may be- 
come important as a therapeutic agent during PTCA, 
especially in high risk patients and when using pro- 
longed inflations. Further studies are necessary to eluci- 
date the protective effects of intravenous diltiazem in 
patients with unstable angina pectoris. 
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Robert Swank, MA, and Jeffrey Brinker, MD 


‘A prospective study of 82 patients employed in the 


-= 6-month period before percutaneous transluminal 
-. coronary angioplasty (PTCA) was performed to de- 
termine the patterns of lag time in work resumption 

and the factors associated with early return to 
work. One month after PTCA, 59% of patients had 
resumed work whereas 87% were employed 6 
months after PTCA. Patients who had a myocardial 
infarction in the month before PTCA, as well as 
those with <12 years of education, blue collar jobs 
and low levels of self-efficacy (self-confidence) for 
return to work had a lower probability of work re- 
sumption at every point in the 24 weeks of follow- 
up. Cox proportional hazards analysis revealed the 
psychosocial construct, self-efficacy, to be the 
strongest predictor of return to work 1 month after 
PTCA, independent of having a recent myocardial 
infarction, disease severity, age, job classification, 
gender and physician advice (p = 0.0006). Kaplan- 
Meier analysis for return to work after PTCA con- 
firmed that patients with high self-efficacy esti- 
mates obtained just before hospital discharge after 



























low self-efficacy levels (p = 0.0001). The same re- 
lation was observed in those patients with and 
‘without a myocardial infarction in the month before 
PTCA, p = 0.0022 and 0.0012 respectively. These 
findings suggest that although PTCA is considered 
oe relatively safe and minimally invasive by physi- 
-co cians, patients may still lack confidence in their 

© -ability to return to work even when physically 

capable of doing so. 

(Am J Cardiol 1989;64:1 108-1 112) 
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PTCA resumed employment earlier than those with | 
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after coronary artery bypass grafting is less fre- 

quent than would be expected from the signifi- 
cant improvements observed in physical functional sta- 
tus and in relief of anginal symptoms.'-* Whereas some 
clinical, demographic, psychosocial and occupational 
factors have been well studied and shown to be associ- 
ated with poor occupational adjustment in coronary ar- 
tery bypass grafting patients, few studies have systemat- 
ically examined return to work in patients undergoing 
percutaneous transluminal coronary angioplasty 
(PTCA).° This study was thus designed to investigate 
the patterns of work return and the relative influence of 
occupational, medical, physical and psychosocial factors 
on return to work and lag time in resumption of work 
after PTCA. 


S tudies have consistently shown that return to work 


METHODS 

Study patients: All consecutive patients who met 
study eligibility criteria were recruited over a 6-month 
period. Patients were eligible if they were working full- 
or part-time at any time within the 6-month period pre- 
ceding PTCA, had a successful PTCA (220% reduc- 
tion in luminal diameter stenosis), no in-hospital myo- 
cardial infarction or coronary artery bypass grafting 
and no major co-morbidity (e.g., cancer, stroke) that 
would preclude resumption of work activities. Of the 
166 patients undergoing first-time PTCA at the Johns 
Hopkins Hospital in the 6-month recruitment period, 82 
were eligible. The majority of eligible patients were 
male, Caucasian and employed in white collar occupa- 
tions (Table I). Most had 1-vessel disease and 50% had 
experienced anginal symptoms for <1 month before the 
procedure. A large number, 34 (41%), had sustained 
a documented myocardial infarction (including trans- 
mural and nontransmural) in the month preceding 
PTCA, 

Study design: The 82 patients were followed pro- 
spectively for 6 months with data obtained at 3 points in 
relation to the PTCA: immediately before hospital dis- 
charge and 1 and 6 months after hospital discharge. 
Both self-administered written questionnaires and a per- 
sonal interview were used to collect data in the hospital 
whereas both mailed questionnaires and telephone inter- 
views were used after discharge. Response rates to ques- 
tionnaires were 100% after angioplasty before hospital . 
discharge, 85% at 1 month and 96% at 6 months. 

Data collection and r ines ? at of ables: 





































































ill performance before and after PTCA. in 
-METs, prior myocardial infarction and Slice 
‘after PTCA. Angiographic records were reviewed to ob- 
tain data for the distribution and percent stenoses of 
coronary lesions and for ejection fraction before PTCA. 
Lesions of 270% stenosis were classified as significant 
coronary disease using the Coronary Artery Surgery 
Study criteria.© Patients were classified as having 1-, 2- 
or 3-vessel disease. Demographic variables including 
age, gender and educational level were obtained from 
self-administered questionnaires at baseline. 

Interviews were used to collect occupational data on 
job classification, return to work, self-employment and 
hours worked. We used standardized instruments 
adapted from those of House et al,’ which evaluate job 
satisfaction and job demand/workload, and those of 
Quinn and Stains,’ which evaluate characteristics of the 
job such as scheduling flexibility, job security and likeli- 
hood of job loss. We coded occupation using the US 
Census Codes and classified them into white and blue 
collar occupations.’ 

The major outcome variable, return to work, was 
elicited from self-reports in which patients indicated if 
they had returned to work either full- or part-time at 
any time during the follow-up period. 

The presence of chest pain before and after PTCA 
was determined by self-administered questionnaires and 
personal interview. Items from the Rose Chest Pain 
questionnaire'® and the Engel Chest Pain question- 
naire!! were used to improve the specificity for angina. 
Patients were classified as having angina if the pain had 
all of the following characteristics: pain in either the 
sternum (any level) or the left anterior chest or left arm; 
a pressure, squeezing, aching or heavy sensation; and 
association with activity and relief of pain within 5 to 10 
minutes with cessation of activity or with rest. 

The major psychosocial construct used to examine 


work return and its lag period was adapted from self- . 


efficacy theory, which posits that return to work at 
specified times will be predicted best by the individual’s 
estimate of his or her ability to do so.?? This estimate is 
determined by 4 factors: (1) previous performance at 
work and ability to work, (2) physical status, (3) en- 
couragement received from others (e.g., physician and 
family) and (4) prior or concurrent experience with oth- 
ers who have had PTCA. Thus, self-efficacy may be 


considered analogous to self-confidence. Self-efficacy 


for work resumption was measured using items adapted 
from the Ewart Self-Efficacy scale, which elicits an ex- 
act estimate of the time it will take to return to work 
and the individual’s confidence rating for work return 
on a “not-at-all” to “extremely confident” scale (Ap- 
pendix, C. Ewart, unpublished observations). Self-effi- 
cacy may reflect valid estimates of physical abilities but 
is also strongly determined by psychological processes 
based on life experiences.!3 In this study, self-efficacy 
_ for return to work after PTCA was assessed just before 
- hospital discharge, after successful PTCA. 
‘he influence of physician advice, employer recep- 
d. spouse : and friend Sea was ezamingd both 
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_ efficacy; solid line indicates low self-efficacy bpe. . a : 
. chi-square, p = = 0.0001). a 


TABLE 1 Sample Characteristics 
No. 





5249 


Mean age (yrs) 

Male sex 89% 
Caucasian 92% 
White collar workers 73% 
Self-employed 26% 
Mi in the month before PTCA 41% 
Prior coronary bypass surgery 4% 
l-vessel disease* 86% 


2-vessel disease* 11% 
3-vessel disease* 1% 
Angina duration <1 month before PTCA 52% 
Angina duration 1 to 12 months before PCTA 38% 
Angina duration >12 months before PTCA 6% 


* Narrowing >70% in diameter. | 
MI = myocardial infarction; PTCA = percutaneous transiuminail coronary angio- f 
piasty. i 


in terms of whether or not the patient returned to work _ 
and the length of time until work resumption. ve 

Statistical analysis: Associations between indepen- _ 
dent variables and the outcomes, return to work at 1 | 
and 6 months, were examined using the chi-square stà- . 
tistic. Associations were considered significant at the .. 
0.05 level. The relative odds of returning to work were 
calculated for each variable that was significant in the 


multivariate analysis; 95% confidence limits were placed _ i 


on the relative odds. Lag time in work resumption over 
the 24 weeks of the study was examined for single vari- 
ables using Kaplan-Meier analysis. Cox’s proportional 
hazards model'* was also used to examine lag time in 
work resumption and the relative independent contribu- 
tion of other significant variables in further multivariate 
analysis. 


RESULTS 
At baseline, 76 (93%) of patients were employed ei- 


ther full- or part-time and the remaining 6 (7%) had 


been employed either full- or part-time within the 6 
month period before PTCA. One month after PTCA, 


12 18 
WEEKS AFTER CORONARY ANGIOPLASTY 





FIGURE 1. Cumulative | of return to work after 
coronary angioplasty by high and low self-efficacy: Kaplan- 
Kleier survival analysis. Dashed line indicates high sef- — 















































































` Variable 











Self-efficacy estimate after PTCA 


- High 45 
$o Lew 24 
Physical effort 
~ — Light 32 
_ Heavy 37 
_ Recent MI (within 1 month of PTCA)* 
Yes 10, 
“ft No 31 
| Job status at entry 
cdo Working 64 
{o Not working 5 
ci. Education 
$12 years 30 
1 >12 years 39 
| Job classification 
White collar 54 
ae Blue collar iS 
< | Job security? 
High 38 
Low 8 
Scheduling flexibility 
Yes 4} 
No 28 
Age (yrs) 
=40 7 
41-50 18 
51-60 34 
261 10 
Job satisfaction 
High 43 
Low 26 
- Number of diseased vesselst 
| 61 
2 5 
3 i 
Chest pain at 1 montht 
Yes 7 
No 






4) * Reflects work status of the 41 patients with a recent Mi. 
= t Sum of no. reflects response to specific questionnaire items. 


‘nee only 41 (59%) of the patients were working, 
< whereas 67 (87%) were working 6 months after PTCA. 
< One month after PTCA, 15 (58%) of those not working 
reported still being on medical leave from their jobs, 3 
(12%) were not on medical leave but were not feeling 
well enough to work, 2 (8%) had retired or were on 
permanent disability and 2 (8%) had lost their jobs and 


were not working cited a variety of personal reasons not 
related to the PTCA. Of the 69 patients who responded 
to the 1-month questionnaire, 24 had sustained a myo- 
cardial infarction i in the month before PTCA. Of these 
24, 10 (42%) were working: 1 month after PTCA. 

-Of the 10 (13%) patients not working at 6 months, 4 
remained on extended medical leave and 5 had taken 


Chi-Square 


Mi = myocardial infarction: PTCA = jae transluminal coronary angioplasty. 


ere looking for work. The remaining 4 people- who — 


early etirement. ‘The 1 remaining patient had lost his nE 
1G We ough 13 aam Pe | 


Workingat 1 Month 


(%) p Value 
























































0.001 


10.39 73. 
33 
8.66 78 0.003 
43 
4.81 42 0.03 
69 
3.47 63 oo 
20 
3.58 47 0.06 
69 
2.99 65 0.08 
40 
4.83 66 0.03 
25 
5.36 71 0.02 
43 
1.58 43 0.66 
61 
65 
50 
1.54 65 0.22 
50 
5.31 61 0.15 
80 
0 
0.007 60 0.93 
58 








tients had ee repeat angioplasty during the 6- 
month follow-up period, all of these people were work- 
ing 6 months after the original angioplasty. Four (5%) 
patients had coronary artery bypass grafting, and were 
eliminated from the study; their subsequent work status 
was not known. All patients employed at 1 month con- 
tinued to be employed 6 months. after angioplasty. : 
There was 1 death from presumed myocardial, infarc- | 
tion in the 6-month follow-up period. — 

_ One month after PTCA, 12 (15%). patients reported 
recurrence of chest pain that met the: “anginal” criteria 
previously described. Chest pain prevalence was report- 
ed by 10 (12%) patients during the 6-month follow-up 
period. Chest pain was not statistically associated with 
return to work at either 1 or 6 months. | p? 
_ Bivariate analysis revealed t at low physical. effort. 3 
on nthe ‘Job no o myocardial farctior the 1 month before 











>TCA and high levels of self-efficacy were significantly 
issociated with being employed 1 month after PTCA. 
3ducation, white collar job status and employment in 
he month before PTCA showed differences that were 
‘lose to statistical significance (Table II). Characteris- 
ics highly associated with white collar job status were 
ilso significantly associated with work return and in- 
sluded job security and scheduling flexibility. Complica- 
jons in-hospital and after discharge after PTCA were 
‘are (<1%) and were not associated with work status at 
| month. Age, number of diseased vessels, job satisfac- 
jon, exercise treadmill performance after PTCA, chest 
zain and measures of functional status were not associ- 
ited with return to work at 1 month. Lack of adequate 
jata on left ventricular function, Canadian functional 
slassification and exercise treadmill performance before 
and after PTCA on more than 50% of the sample pre- 
sluded analysis. Because most people were working 6 
nonths after PTCA, analysis of factors predicting later 
return to work was not possible. 

Cox proportional hazards analysis using those vari- 
ables that were significant in bivariate analysis and 
those that were conceptually hypothesized as being re- 
lated to return to work 1 month after PTCA (high self- 
2fficacy, no recent myocardial infarction, white collar 
job classification and >12 years of education) revealed 
high self-efficacy levels to be the only significant predic- 
tor of return to work 1 month after PTCA, independent 
of physical, demographic and job characteristics (p = 
0.0006). Patients with high levels of self-efficacy were 2 
times more likely to return to work 1 month after 
PTCA than those with low self-efficacy levels. The re- 
maining variables, when entered in the model, appeared 
to increase the relative odds of returning to work but 
failed to achieve statistical significance. 

Kaplan-Meier analysis was used to examine the rela- 
tion between self-efficacy and lag time in return to work 
in the total 6-month follow-up period. Patients who did 
not return to work at any time during the 6-month fol- 
low-up period were eliminated from the analysis. Figure 
1 shows the cumulative probability of returning to work 
over weeks as a function of high and low self-efficacy 
levels (measured while hospitalized), using a median 


cutpoint for self-efficacy levels. One week after PTCA, 


no patients with low self-efficacy levels had returned to 
work whereas 45% of patients with high self-efficacy 
levels had returned to work. The mean time for work 
resumption in the high self-efficacy group was 3.1 
weeks (standard deviation, + 0.52) (p = 0.0017) where- 
as those with low self-efficacy had a mean of 8.8 weeks 
(+ 1.1) (p = 0.0003) in return to work. 

Because myocardial infarction was prevalent in the 
sample and because it is plausible to hypothesize that 
both self-efficacy and return to work lag time were 
functions of a myocardial infarction in the month before 
PTCA, Kaplan-Meier analysis was used to examine 
work return and self-efficacy in those patients without 
and with a myocardial infarction in the month before 
PTCA. Self-efficacy level remained a significant predic- 
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‘cannot be made with the National Heart, Lung, and 


tor of return-to-work lag time in both groups 
0.0022 and 0.0012, respectively). Individuals wit! 
cent myocardial infarction did return to work later tl 
those without a myocardial infarction; however, self-ef- 
ficacy remained a significant predictor of work return 
lag time in both groups, most prominently in the early 
weeks but persisting over almost the entire 24 weeks of - 
follow-up. r 




























































DISCUSSION l a 
These findings suggest that many patients who are 
physically capable of working delay returning to work 
after PTCA. The longer period of time in work resump- 
tion after a recent myocardial infarction is predictabl 
but a considerable number of patients without co-mor-— 
bidity also delayed returning to work. White collar job 
status and its correlates, low physical job demands and 
flexibility in scheduling, appeared to be associated with- 
return to work at an earlier period after PTCA. This is- 
also similar to findings of prior studies in myocardial- 
infarction patients and in coronary artery bypass graft- 
ing patients.!5-20 Because we selected only patients with 
a high probability of return to work, direct comparisons — 








Blood Institute’s PTCA Registry Study, which analyzed — 
employment status in 2,250 patients, some of whom ` 
were working before PTCA and some of whom had 
been unemployed for some time.’ However, at a mean 
follow-up of 1.5 years, employment status in the PTCA 
Registry Study was lower than at baseline in all patient 
groups, and return to work was positively associated 
with employment before PTCA, absence of chest pain, 
successful PTCA and no prior myocardial infarction. ~~ 
Like the PTCA Registry Study, this study demon- 
strated that even in patients with a high a priori proba- 
bility of return to work, work resumption was delayed 
or did not occur at all in some patients. 

Complications, co-morbidity and poor functional 
status were low frequency occurrences in this PTCA 
population who were employed in the 6 months before 
PTCA. Patients in this study were selected for their > 
high probability of returning to work. Indeed, most had | 
returned to work by 6 months after PTCA. The most 
important finding, however, is that 41% failed to return 
to work in the expected time period (1 to 2 weeks). 

Other variables found to be associated with return to 
work in this study, educational level and employment 
just before the procedure, have also been important fac- 
tors in return to work in other populations with a cardi- 
ac event.2!22 Blue collar workers, although they gener- 
ally exhibited less job security, had longer delays in re- 
turn to work. 

Patients who reported chest pain at 1 month were 
generally as likely to return to work as people without 
chest pain. There were no statistically significant differ- 
ences between work status and reported chest pain at 1 
and 6 months after PTCA. Individuals with chest pain 
may have developed coping strategies to remain em- | 
ployed. og 




















_ Self-efficacy, a psychosocial concept, was the best 
predictor of work return, independent of physical fac- 
- tors. This finding suggests that many patients may not 
- view PTCA as the minimally invasive procedure it is 
© < purported to be. Many appeared to lack confidence in 
their ability to return to work and appeared to be still 
retaining the “sick role” =1 month after PTCA. 
| Delay in work resumption may result in a greater 
- -cost to society through absence from the labor force and 
increased disability insurance payments. It is important, 
then, to determine how to stimulate people with low 
- self-efficacy for return to work to resume working as 
- soon as they are able. Simple clinical interventions, in- 
- cluding early treadmill testing and physician counseling, 
_ have been shown to improve self-efficacy estimates for 
<=> physical activity and have been linked to exercise out- 
comes in patients after a myocardial infarction.23-25 
_ Clinicians should not assume that because PTCA is 
a generally safe and minimally invasive procedure that 
patients perceive it as such. Efforts to identify those pa- 
tients with concern about their ability to return to work 
in the first month after PTCA may identify a subset at 
_ high risk for delay in work resumption. Studies that 
_. test self-efficacy-enhancing interventions, such as early 
_. treadmill testing or early institution of cardiac rehabili- 
tation, would provide insight into how to do this in the 
clinical setting. 
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APPENDIX 
items Used to Elicit Self-Efficacy Related to Work 
Return After PTCA 
1. Based on everything you know, now, when do you think 
you will return to work after your angioplasty? Tell me in 
weeks. 
2. How confident are you that you will return to work at the 

_ time you indicated? 
Score 
a. Completely confident = 1 
b. Very confident = 2 
<&c Moderately confident = 3 
_ cd. Somewhat confident = 4 

e. Not at all confident = 5 
Total score = 1-5 
z 3. Please indicate how much each of the following things 
-affects your own decision about when to return to work. 
Responses: not at all = 1, slightly = 2, somewhat = 3, very 
much = 4 
Range for each item (1-4) 
“a. How well I feel 
-© b. What my wife or family thinks I should do 

= ©. What my doctor thinks is best 
dd. My finances 
< e How satisfied I am with the type of work I do 
<o: f The amount of physical effort my work demands 
<- g. The amount of stress in my work 

-h. How I feel about being at home 
. Making sure I get a raise or promotion 
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j Making sé 1 keep my job 


k. How I feel about the people I work with 


The self-efficacy score was generated from question 1. High self- 
efficacy = work return estimate <2 weeks. Low self-efficacy = work 
return estimate >2 weeks. Sources of self-efficacy were tabulated and 
associations with return to work were analyzed. 


REFERENCES 


1. Niles NW II, VanderSaim TJ, Cutler BS. Return to work after coronary artery 
bypass operation. J Thorac Cardiovasc Surg 1980,79:916-921. 

2. Gutmann MC, Knapp DN, Pollack ML, Schmidt DH, Simon K, Walcott G, 
Coronary artery bypass patients and work status. Circulation 1 982;66(suppl < 
HDT -33-111-42. tM 
3. Hammermeister KE, DeRouen TA, English NT, Dodge HT. Effect of surgical 
versus medical therapy on return to work in patients with coronary artery bypass. 
Am J Cardiol 1979;44:105-111. 

4. Wallwork J, Potter B, Caves PK. Return to work after coronary artery surgery 
for angina. Br Med J 1978;2:1680-1681. 

5. Holmes DR, VanRaden MJ, Reeder GS, Vlietstra RE, Geun CHB, Jang C, 
Kent KM, Vetrovec GW, Cowley MJ, Dorros G, Kelsey SF, Detre KM, Mock M. 
Return to work after coronary angioplasty. A report from the National Heart, 
Lung, and Blood Institute Percutaneous Transluminal Coronary Angioplasty 
Registry. Am J Cardiol 1984;53:48C-S1C. 

6. Killip T, Fisher LD, Rock MB. National Heart, Lung, and Blood Institute 
Coronary Artery Surgery Study. Circulation 1981;63(supp! D:1-1-1-81, 

7. House JS. Wells JA, Landerman LR, McMichael AJ, Kaplan BH. Occupa- 
tional stress and health among factory workers. J Health Soc Behav 1979-20:139-~ 
160, 

8. Quinn RP, Stains GL. The 1977 Quality of Employment Survey. University of 
Michigan, Ann Arbor: Survey Research Center, 1977. 

9. Bureau of the Census. Alphabetical Index of Industries and Occupations. U.S. 
Department of Commerce. 1980 Census of the Population. Washington, DC, 
May, 1981. 

10. Rose G, McCartney P, Reid DD. Self-administration of a questionnaire on 
chest pain and intermittent claudication. Br J Prev Soe Med 1977:31:42-48. 
41. Engel BT, Baile WF, Costa PT, Brimlow DL, Brinker J. A behavioral 
analysis of chest pain in patients suspected of having coronary artery disease. 
Psychol Med 1985;47:274-284. 

12. Bandura A. Self-efficacy mechanisms in human agency. Am Psychol 
1982;37:122-147. 

43. Bandura A. Reflections on Self-Efficacy. Adv Behav Res Ther 1978;1:237- 
269. 

14. Lee ET. Statistical methods for survival data analysis. Belmont, California: 
Lifetime Learning Publications, 1980. 

15. Barnes GK, Ray NJ, Oberman A, Kouchoukos NT. Changes in working 
status of patients following coronary artery bypass surgery. JAMA 1977: 
23821 259-1262. 

16. Anderson AJ, Barboriak JJ, Hoffman RG, Mullen DC. Retention or resump- 
tion of employment after aortocoronary bypass operations. JAMA 1980;243:543- 
545. 

17. Stanton BA, Jenkins CD, Denlinger P, Savageau JA, Weintraub RM, Gold- 
stone RL. Predictors of employment status after cardiac surgery. JAMA 
1983;249:907-91 1. 

18. Oberman A, Wayne JB, Kouchoukos NT, Charles ED, Russel! RO, Rogers 
WJ. Employment status after coronary artery bypass surgery. Circulation 
1982;653(suppl ID-41-1 15-11-119. 

19. Wiklund I, Sanne H, Vedin A, Wilhelmason C. Determinants of return to 
work one year after a first myocardial infarction. J Cardiac Rehabil 1985-5-62- 
72, 

20. Croog S, Levine A. Life After a Heart Attack. New York: Human Sciences 
Press, 1982. 

21. Niles NW, VanderSalm TJ, Cutler BS. Return to work after coronary artery 
bypass operation. J Thorac Cardiovas Surg 1980;49:916~921. 

22. Hammermeister KE, DeRouan TA, English MT, Dodge HT. Effect of 
surgical versus medical therapy on return to work in patients with coronary artery 
bypass. Am J Cardiol 1979;44:105-111. | | 

23. Ewart C, Stewart KJ, Gillilan RE, Kelemen MH, Valenti SA, Manley JD, 
Kelemen MD. Usefulness of self-efficacy in predicting overexertion during pro- 
grammed exercise in coronary artery disease. Am J Cardiol 1986:57:557-561. 
24, Dennis C, Houston-Miller N, Schwartz RG, Ahn DK, Kraemer HC, Gossard 
DG, Juneau M, Taylor CB, DeBusk RF. Early return to work after uncomplicat- 
ed myocardial infarction: results of a randomized trial: JAMA 1988;260:214~220. 2 
25. Ewart CK, Taylor CB, Reese LB, DeBusk RF. Effects of early post-myocar- © © 
dial infarction exercise testing on self-perception and subsequent physical activity.: | 





elps angi 
patients o 


bignificantly reduces both the. 
equency of anginal attacks and the 
eed for sublingual nitroglycerin’ 


‘transdermal nitroglycetin products ; 
val evaluation of effectiveness by the FL A. ‘Please Consult 
af Presoribigg Information gn:the followiag page: on 


jeg, RN eo ran Heyes as 


est itera, 









BRIEF SUMMARY (FOR FULL PRESCRIBING 
` INFORMATION, SEE PACKAGE INSERT) 
































































































INDICATIONS AND USAGE 

This dug product has been conditionally approved by 
the FDA for the prevention and treatment of angina 
pectoris due to coronary artery disease. The conditional 
approval reflects a determination that the drug may be 
marketed while further investigation of its effectiveness 
is undertaken. A final evaluation of the effectiveness of the 
product will be announced by the FDA. 





CONTRAINDICATIONS 

intolerance of organic nitrate drugs, marked anemia, — 
increased intraocular pressure or increased intracranial 
pressure, 


WARNINGS 

in patients with acute myocardial infarction or congestive 
heart failure, Transderm-Nitro system should be used under 
careful clinical and/or hemodynamic monitoring, 

in terminating treatment of anginal patients, both the dosage 
and frequency of application must be gradually reduced over a 
- period of 4 to 6 weeks to prevent sudden withdrawal 
reactions, which are characteristic of all vasodilators in the 
nitroglycerin class. 

Transdermal nitroglycerin systems should be removed before 
attempting defibrillation or cardioversion because of the _ 
potential for altered electrical conductivity which may enhance 
the possibility of arcing, a phenomenon associated with the 
use of defibrillators. 


PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should 
be reduced or use of the product discontinued. 
Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the 
sublingual preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common side effect, 
especially when higher doses of the drug are used. These 
headaches should be treated with mild analgesics while 
Transderm-Nitro therapy is continued: When such headaches 
are unresponsive to treatment, the nitroglycerin dasage 
should be reduced or use of the product discontinued. 


increased heart rate, faintness. flushing, dizziness, nausea 
and vomiting. These symptoms are attributable to the known 
pharmacologic effects of nitroglycerin, but may be symptoms 
of overdosage. When they persist the dose should be reduced 
or use of the product discontinued. in some patients, 
dermatitis may occur. 


DOSAGE AND ADMINISTRATION 
Therapy should be initiated with application of one Transderm- 
Nitro 5 mg/24 hr system to the desired area of skin, Many 
patients prefer the chest; if hair is likely to interfere with 
system adhesion or removal, it can be clipped prior to 
placement of the system. Each system is designed to remain 
in place for 24 hours, and each successive application should 
be to a different skin area. Transderm-Nitro system should not 
_ be applied te the distal parts of the extremities. . 
The usual dosage is one Transderm-Nitro 5 mg/24 hr system. 
Some patients, however, may require the Transderm-Nitro 
10 mg/24 hr system. If a single Transderm-Nitro 5 mg/24 hr 
system fails to provide adequate clinical response. the patient 
should be instructed to remove it and apply either two 
Transderm-Nitro 5 mg/24 hr systems or one Transderm-Nitro 
10 mg/24 hr system. More systems may be added as 
indicated by continued careful monitoring of clinical response. 
The Transderm-Nitro 2.5 mg/24 hr system is useful principally 
for decreasing the dosage gradually, though it may provide 
adequate therapy for some patients when used alone. 
The optimal rier a should be selected based upon the clinical 
response. side effects, and the effects of therapy upon bigod 
pressure. The greatest attainable decrease in resting blood 
bisa that is not associated with clinical symptoms of 
ypotension especially during orthostasis indicates the 
optimal dosage. To decrease adverse reactions, the size 
and/or number of systems should be tailored to the individual 
atient's needs. 
© not store above 86°F (30°C). 


PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems. 
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sity of South Alabama College of Medicine invites | 
applications and nominations for Chief, Division of 
Cardiology in the Department of Internal Medicine. 

We seek a nationally recognized academic cardi- 

Ologist who will provide leadership in the develop- 

ment of a “Center for Excellence in Cardiovascu- 

lar Medicine” which includes two endowed chairs 

in cardiology, a new diagnostic and treatment fa- 

cility, expanded research space, and a fellowship | 
program. The quality of life in this expanding Gulf 

Coast community is excellent. Please forward 

nominations and applications to Richard D. 

deShazo, M.D., Professor and Chairman, Depart- 

ment of Medicine, University of South Alabama, 

2451 Fillingim Street, Mobile, AL 36617. 











invasive Cardiology opportunity in fast-growing metro area of 
Carolina. Join progressive, two-physician SSG. Enjoy many cultur- 
al, recreational and scenic amenities in highly desirable area. Ex- 


cellent compensation, benefits, and paid interviewing and reloca- 
tion expenses. Contact Joe Stork, Jackson and Coker, 400 
Perimeter Center Terrace, Suite 760 AJC9, Atlanta, GA 30346, 
Tel. 1-800-544-1987 or 1-800-888-8821. 











TOR, CARDIAC CATHETERIZATION LAB- 
ORATORY—Conemaugh Valley Memorial 
Hospital, a 412-bed, university-affiliated, 
teaching hospital and regional medical and 
trauma center, anticipates instituting interven- 
tional cardiology and open heart surgery in the 
spring of 1990. A career opportunity exists for 
an interventional cardiologist to design, devel- 
op and direct the Cardiac Catheterization Lab- 




















Because body chemistry 
differs from person to 
person, we often need 


a choice of drugs to 
treat the same illness. 








are 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each, One 
patient ee cyies to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 
















others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are come- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people ee 
requiring different treatment o So 
even when they suffer from the e 
same illness. 
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80% SINGLE-AGENT CO 
© SIX CLINICAL TRIALS C MORE THAN 4,000 PATIENTS 
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C REGARDLESS OF AGE* OR RACE 


DYC patients 
“STUDY D” 


Constipation, which can be easily managed in most patients, is 
the most frequently reported side effect of Calan SR. 


*For adult hypertensives ay f l 
TEigniy tour percent of 3,74] patients (30-70 years} with mild, moderate, and severe hyperlension achieved 
lood pressure DOF «90 mm 9 in an open, multicenter, 6-week study. | 
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SUSTAINED-RELEASE CAPLETS 
BRIEF SUMMARY 


Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
2nd- or 3rd-degree AV block (if no pacemaker is present}, atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes}, hypersensitivity to verapamil. 
Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%} or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
may occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cases have been demonstrated to be produced by verapamil. Periodic monitoring 
` -of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
“ot chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes) have developed an increased antegrade conduction across the accessory 
~ pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
=. fibrillation after receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
<: contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 
recautions: Verapamil should be given cautiously to patients with impaired hepatic 
action {in Severe dysfunction use about 30% of the normal dose) or impaired renal 
n; and patients should be monitored for abnormal prolongation of the PR interval or 

































blocking agent vecuronium, It may be necessary to decrease verapamil dosage in patients 
‘with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
“ers. and verapamil may result in additive negative effects on heart rate, atrioventricular 
conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy. may 
‘outweigh the benefits. The combination should be used only with caution and close 
“monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
-amil treatment can increase serum digoxin levels by 50% to 75% during the first week of 
“therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
_may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
_will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48-hours before or 24 hours after. verapamil 








hypartonmon achieved goal blood pressure (DBP <95 mm Hg) in an open, multicenter, ¥2-week titration 
Shidy. 


administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
dine therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
significant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing}; dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea {2.7%}, hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
dyspnea (1.4%), bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,.3° (1.2%), 2° 
and 3° (0.8%), rash {1.2%}, flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
is uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura {vasculitis}, syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
fusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
necomastia, increased urination, spotty menstruation, impotence. 2/9/89 + ABB-WS282-) 
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Coronary disease causes the majority of peri- 
operative complications after peripheral va 
surgery. Twenty-four patients with stable coronary 
disease undergoing peripheral revascularization 
were studied using continuous electrocar aphic 
monitoring to determine the incidence of periopera- 
tive asymptomatic myocardial ischemia and its re- 
lation to postoperative clinical ischemic events. Pa- 
tients were monitored preoperatively (17i1 
hours), intraoperatively and postoperatively (29 + 
2 hours) using 4-channel calibrated amplitude- 
modulated units. Fifteen patients (63%) had early 
postoperative silent ischemia; 3 also had preopera- 
tive silent ischemia and 5 intraoperative transient 
ischemia. Patients with and without silent ischemia 
had similar clinical characteristics, perioperative 
antianginal medications and postoperative episodes 
_ of hemodynamic instability. However, 8 of 15 pa- 
tients (53%) with silent ischemia had postoperative 
clinical ischemic events (2 had myocardial infarc- 
tion, 2 had new congestive heart failure and 4 had 
new rest angina), versus only 1 of 9 patients (11%) 
without silent ischemia who had angina (p <0.05). 
Early postoperative silent myocardial ischemia oc- 
curs frequently after vascular surgery and is asso- 
ciated with postoperative clinical ischemic events. 
(Am J Cardiol 1989;64:1113-1116) 
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oronary artery disease, identified by coronary 
angiography, is present in >30% of patients un 
dergoing surgery for peripheral vascular dis 
ease"? and accounts for the majority of perioperati 
mortality in these patients. Myocardial ischemia | 
been found during induction of anesthesia in patien 
with coronary artery disease? and is an independent rish 
factor for perioperative myocardial infarction.4 Preoper: 
ative identification of high risk patients appears possi. 
ble.>-!° However, screening for myocardial ischemia i 
may be limited by the inability of patients with periph- = 
eral vascular disease to provide adequate treadmill exer- = 
cise stress tests, by the inability of older patients and Toa 
women to perform adequate arm exercise tests and the = 
lack of availability of preoperative dipyridamole-thalli-- 
um scintigraphy. 
Continuous electrocardiographic monitoring has — 
been used to identify asymptomatic myocardial isch- 
emia in patients with stable exertional and unstable aE 
gina. Our study was undertaken to determine the fre- EE 
quency of transient perioperative ischemia, identified by = 
continuous electrocardiographic monitoring, and its re 
lation to subsequent postoperative myocardial ischemic 
events. 


METHODS ee 

Between January 1986 and March 1988, apron © ee 
mately 100 patients underwent peripheral vascular Sur 
gery at Francis Scott Key Medical Center and Were 
considered for participation in the study. Exclusion cri- _ 
teria were as follows: no clinical evidence of coronary 
artery disease by history or electrocardiogram; digoxin 
therapy; baseline electrocardiographic abnormalities 
cluding left bundle branch block, left ventricular hy; 
trophy with repolarization abnormalities or baseline $ 
segment depression or elevation >1 mm. Twenty-se 
patients were eligible and approached to participa 
refused to consent and the remaining 24 patients si 
an informed consent form approved by the hospita al 
stitutional review board. The 24 patients were mo 
tored using 2 amplitude-modulated reel-to-reel 2-chan 
nel calibrated Holter units (Delmar Avionics, mo 
445). Two modified inferior and 2 modified anteri 
leads were recorded. The ambulatory electrocardiogram 
was recorded preoperatively for. 171 1 hours after the 
patient was admitted to the hospital on. | 
















TABLE I Clinical Characteristics of Patients with (Group 1). | 
And Without (Group 2) Silent Ischemia Detected by 
Ambulatory Electrocardiographic Monitoring 





Group 2 
No Silent Ischemia 
(n = 9) (%) 


66 t2 
6:3 


Group 1 
Silent Ischemia 
(n = 15) (%) 


62 +2 
11:4 















MF 

Cardiac risk factor 
Cigarette smoking 
Systemic hypertension 
Diabetes mellitus 
Prior Ml 

Angina 

_ Prior CABG 

.. 8 Blockers 

© Calcium antagonists 
~~ Nitrates 

oe es EEF”? 

1° Goldman risk index 


11 (73) 
9 (60) 
6 (40) 

10 (67) 
7 (47) 

1 (7) 

7 (47) 
7 (47) 
7 (47) 

6/9 (67) 

15403 


6 (67) 
5 (56) 
1d) 
7 (78) 
5 (56) 
2 (22) 
2 (22) 
6 (67) 
3 (33) 
0/4 (0) 
14403 


















ar: p <0.05, group 1 vs group 2. . 
zl CABG = coronary artery bypass grafting; ETT = exercise tolerance test; MI = 
| myocardial infarction. 


et a TABLE Il Ambulatory Electrocardiographic Monitoring Data 
cee n from the 15 Patients with Silent Ischemia 






















J. Preoperative Holter 
“Lo Duration of ambulatory ECG (hrs) 1641 
No. with Sl : 3 
No. of Si episodes 4.0 
Total duration of SI, median (range) in minutes 20 (19-38) 
Duration /episode (minutes) 19 
HR at onset (beats /min) 
Intraoperative Holter 
No. with Si 5 
No. of ischemic episodes 8 | 
Total duration of SI, median (range) in minutes 58 (6-101) 
Duration / episode (minutes) 32 
HR at onset (beats /min) 107 + 12 
| -Postoperative Holter 
No. with Si 15 
afe No. of ischemic episodes 
<f. Total duration of Si, median (range) in minutes 
= Duration / episode (minutes) 41 
<- HR at onset (beats/min) 
“HR = heart rate; SI = silent ischemia. 

























lectrocardiogram and creatine kinase with MB isoen- 
zyme levels were obtained postoperatively. 
Clinically evident myocardial ischemic events were 
lefined as rest angina, new congestive heart failure, 
ayocardial infarction or death. Congestive heart failure 
ly heard pulmonary rales with pulmonary vascular 
estion on chest x-ray) was felt to be caused by 
e myocardial ischemia in the absence of a prior his- 
of heart failure and when failure was associated 
schemic ST changes on a 12-lead electrocardio- 
1 that resolved rapidly with diuretic and antianginal 
apy. Myocardial infarction was defined as a persis- 
t change in the postoperative electrocardiogram asso- 
d with an increase in creatine kinase to >2 X nor- 
ith an MB isoenzyme fraction of >4% of total 
ne Oe 





enced in identifying episodes of ST-segment chang 


oe exercise stress testing withi Pi 


_ was positive for inducib 


technician experi- 
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printout was prepared of each episode that included the 
onset and end of each episode of ST-segment change 
and the maximum change observed. These printouts — 
were reviewed by 2 investigators who were blinded as to- 
the identity of the patient. Each episode of ST-segment - 
shift of >1 mm below the baseline lasting for >2 min- 

utes was noted. The heart rate at the onset and the total 

duration of each episode were recorded. The continuous. 
electrocardiographic monitoring data were not available 

to the clinicians and use of perioperative pressors or 

antianginal medications was at the discretion of the sur- 

geon. E 

Perioperative hemodynamic changes were noted us- 
ing the anesthesiologist’s hemodynamic record and the 
postoperative record from the intensive care unit. The 
duration of each episode of hypertension (systolic blood 
pressure >180 mm Hg), hypotension (systolic blood 
pressure >90 mm Hg) or tachycardia (heart rate >100 
beats/min) was considered to be from the time when it 
was first noted on the hemodynamic flow chart to the 
time a different pressure or rate was recorded. 

Data analysis: Data are expressed as mean + stan- 
dard error of the mean. Categorical data were analyzed 
using the Fisher exact test. Continuous variables were 
analyzed using unpaired ¢ tests of significance. Data 
without a normal distribution were compared using a 
Mann-Whitney rank test. 








































































RESULTS | 

Patient population and ambulatory electrocardio- 
graphic monitoring: Seventeen men and 7 women were | 
studied. The mean age was 64 + 5 years. Seventeen | 
patients had prior myocardial infarction, 12 had angina | 
pectoris and 3 had undergone coronary artery bypass 
surgery. Seven patients underwent carotid endarterecto- 
my, 11 underwent aortic revascularization and 6 under- 
went infrainguinal bypass procedures. Twenty patients 
received general, 1 patient received spinal and 3 patients 
received epidural anesthesia. The clinical characteristics 
of the patients are listed in Table I. o 

Fifteen of the 24 patients (63%), group 1, had silent 
perioperative ischemia detected by continuous electro- 
cardiographic monitoring. All 15 patients had postoper- 
ative transient ischemia. Of these 15 patients, 2 also had 
preoperative silent ischemia, 4 also had intraoperative 
silent ischemia and 1 patient also had ischemia both 
pre- and intraoperatively. The number and duration of 
ischemic episodes, and the heart rate at onset of tran- 
sient ischemia during the pre-, intra- and postoperative _ 
periods are listed in Table II. Nine of 24 patients (37%), 
group 2, had no ischemia on continuous electrocardio- 
graphic monitoring. The 2 groups did not differ with 
regard to clinical characteristics (Table I) or in the 
number of patients with a history of previous myocardi- 
al infarction, angina, coronary artery bypass surgery or 
congestive heart failure, = 0 a n oa, | 

Only 13 patients (9 in group 1 and 4 in group 2) had ~ 


vascu- 
test that 




















ts \ were positive’ in ‘the group i e (p 
5). Among the 24 patients, 1 of 7 patients who had 
‘a negative treadmill test before surgery had periopera- 
tive clinical ischemia, whereas 4 of 6 patients with a 
positive exercise test had clinical ischemia (p = 0.08). 
Among the 9 group 1 patients who had preoperative 
-exercise treadmill testing, 0 of 3 with negative treadmill 
tests had a clinical outcome whereas 4 of 6 with a posi- 
tive treadmill test had a clinical outcome (p = 0.12). 

Perioperative hemodynamics and medications: The 
2 groups did not differ in the frequency or duration of 
hypotension, hypertension or sinus tachycardia or in the 


use of pressors, intravenous nitroglycerin, nitroprusside 


and antianginal medications. 

Clinical outcomes: Nine patients had overt clinical 
evidence of myocardial ischemia in the later postopera- 
tive period. Eight of the 9 patients had transient isch- 
emia during continuous electrocardiographic monitor- 
ing. Thus, 8 (53%) of the group 1 patients had in-hospi- 
tal ischemic events; 2 suffered myocardial infarction, 
both of whom also developed congestive heart failure 
and 1 of whom had new angina at rest; 2 had new con- 
gestive heart failure, 1 of whom also had angina at rest, 
and 4 patients had new angina at rest. Among the 
group 2 patients only 1 (11%) had new angina at rest 
during the in-hospital postoperative period (p <0.05 vs 
group 1). The clinical ischemic events occurred 52 + 16 
hours postoperatively. In all patients, silent or transient 
ischemic episodes were noted before the clinical isch- 
emic event, occurring 31 + 18 hours (range 30 minutes 
to 144 hours) before the clinical event. Two patients 
had additional silent ischemic episodes after the clinical 
event. 


DISCUSSION 

Continuous electrocardiographic monitoring detect- 
ed transient myocardial ischemia, which was largely 
asymptomatic, in 63% of the study patients during the 
early postoperative period. Patients with silent ischemia 
had a 53% incidence of postoperative clinical ischemic 
events compared to 11% incidence for those without 
transient ischemia. Approximately 30% of patients re- 
quiring vascular surgery have severe coronary artery 
‘disease.'! It has been suggested that patients felt to be 
in a high-risk group should undergo coronary angiogra- 
phy and coronary revascularization before elective pe- 
ripheral vascular surgery.'' Whether the benefits out- 
weigh the risk and expense of such an approach is not 
clear. Hertzer et al? found that patients with significant 
coronary disease had a very low cardiac morbidity when 
peripheral vascular surgery was performed after coro- 
nary revascularization. However, the cardiac surgical 
mortality was 5.3% in these patients. This mortality rate 
is not untoward for older patients who have multiple 
medical problems.!? 

Many investigators have attempted to identify those 
- patients at increased risk for cardiac complications after 
lar surgery. 5-10.13 Intravenous dipyridamole-thalli- 
101 sci itigraphy may identify patients likely to 
3 tive ischemic event. ? A large single oral 
se may provide e similar information to 
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intravenous dipyridamole.'4 However, these screenin: 
tests may still fail to identify patients who develop tre 
sient ischemia as a result of intra- and postoperative 
Stresses. 

Ambulatory electrocardiographic monitoring can í 
tect myocardial ischemia in patients with stable. 
unstable angina and in the periinfarction period. 15: 
Transient asymptomatic ischemia noted on ambulatc 
monitoring has been associated with similar functiona 
abnormalities as symptomatic ischemia and has bee! 
associated with an increased incidence of cardiovascula: 
morbidity and mortality. However, this technique h 
not been widely used to identify perioperative ischemi 
Studies have shown that 39% of patients with corona 
artery disease may demonstrate transient myocard 
ischemia on single-lead electrocardiographic monitori 
during induction of anesthesia and intraoperativel 
this has not been correlated with postoperative ische 
events.*: 

We used pre-, intra- and postoperative continuo u 
electrocardiographic monitoring in a relatively sma 
number of patients to identify those patients at in 
creased risk of perioperative myocardial ischemi 
events. Only patients with documented coronary arter 
disease were studied to reduce the incidence of false 
positive changes on continuous electrocardiographi 
monitoring. However, no patient had unstable myocar- 
dial ischemia. Despite this, a high incidence of postoper-. 
ative myocardial ischemia (63%) was found that was. 
not suspected in the majority of patients and transient _ 
myocardial ischemia was significantly associated with 
clinical ischemic events, which occurred up to 6 days 
postoperatively. Because patients were approached for. 
consent after admission before surgery, monitoring we 
performed for only 17 hours preoperatively. Althoug 
only 3 patients (13%) had preoperative silent ischemia 
more prolonged periods of preoperative ambulatory 
monitoring might identify more patients. Alternatively, 
a greater frequency of transient ischemia may occur 
early postoperatively as a result of intra- and postopera- 
tive stresses. An abnormal exercise stress test befor 
surgery was associated with transient perioperative isch 
emia but was performed in only 54% of the study pa- 
tients and, in this small number of patients, did not pe 
dict clinical ischemic outcomes. 

Peripheral vascular surgery is often associated wit 
perioperative swings in blood pressure that could result 
in transient myocardial ischemia. However, no differ- 
ence was noted in the amount of hemodynamic insta 
ity between patients with or without silent ischemia 
this small group of patients. 

These results suggest that aggressive antiische i 
management during the postoperative period may be 
fit selected patients. Continuous electrocardiogra 
monitoring cannot provide information sufficiently raj 
idly to be useful in postoperative patient managemen 
However, identification of ischemic episodes “on line” 
using computerized devices could allow immediate rec 
ognition of transient myocardial ischemia and. appro] 
ate institution of antiischemic therapy that may reduce 
the incidence of subsequent morbid events. 
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To determine whether recent refinements in Bayes- 
ian methods have led to improved diagnostic ability, 
3 methods using Bayes’ theorem and the indepen- 
dence assumption for estimating posttest probabili- 
ty after exercise stress testing were compared. 
Each method differed in the number of variables 
- considered in the posttest probability estimate 
. (method A = 5, method B = 6 and method C = 15). 
Method C is better known as CADENZA. There 
were 436 patients (250 men and 186 women) who 
underwent stress testing (135 had concurrent thal- 
lium scintigraphy) followed within 2 months by cor- 
onary arteriography. Coronary artery disease 
((CAD], at least 1 vessel with >50% diameter nar- 
rowing) was seen in 169 (38%). Mean pretest 
probabilities using each method were not different. 
However, the mean posttest probabilities for 
CADENZA were significantly greater than those for 
method A or B (p <0.0001). Each decile of posttest 
probability was compared to the actual prevalence 
of CAD in that decile. At posttest probabilities 
<20%, there was underestimation of CAD. How- 
ever, at posttest probabilities 260%, there was 
overestimation of CAD by all methods, especially 
CADENZA. Comparison of sensitivity and specific- 
ity at every fifth percentile of posttest probability 
revealed that CADENZA was significantly more 
sensitive and less specific than methods A and B. 
Therefore, at lower probability thresholds, 
CADENZA was a better screening method. How- 
„ever, methods A or B still had merit as a means to 
confirm higher probabilities generated by 
CADENZA (especially >60%). These results may 
have an impact on how these methods are used in 
clinical decision making. 

(Am J Cardiol 1989;64:1117--1122) 
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onditional probability analysis has allowed- fo 

the development of methods to improve the inte 

pretation of diagnostic testing.! Using the : 
quential application of Bayes’ theorem, methods. ha 
been developed to convert test responses into estima’ 
of probability of disease presence.2-4 Diamond anc 
rester? were the first to develop and apply this appro 
to noninvasive test interpretation of patients with s 
pected coronary artery disease (CAD). Several method: 
now exist for applying these techniques to the evalua 
tion of this population.*-’ A refinement of this origina 
approach has recently appeared’ and this method re 
quires a desktop microprocessor to enter the data and 
perform the analysis. We evaluated whether and to. 
what extent this refinement has led to improvement i 
the diagnostic ability and utility of this approach. ` 


METHODS oe 
Patient population: Between June 1981 and October a 
1988, 1,681 patients were referred to our stress labora- = 
tory for the express purpose of evaluation for the pres- = — 
ence or absence of CAD. None of the patients hada 
history of prior myocardial infarction or coronary arte; = 
riography. In addition, resting electrocardiograms re- se 
vealed no findings diagnostic of previous myocardial in- 
farction, such as significant Q waves. Within 2 months ee 
after stress testing, 436 of these patients underwent cor- > 
onary arteriography. These 436 patients comprise the oe 
study population of this report. ee 
Clinical information: Clinical data were collected ; 
during the initial preexercise test interview by a techni- 
cian instructed in gathering the information, and late 
confirmed by 1 of us by reviewing the patient’s medica 
record. Recorded data included patient’s age, sex, symp 
toms and risk factors. Chest pain was classified accord 
ing to the categories used by Diamond’: (1) typical an 
gina—substernal, exertional, relieved by rest or nitro 
glycerin; (2) atypical angina—2 of these features, (3 
nonanginal chest pain—1 or none of these features; and: 
(4) asymptomatic—no pain. Risk factors recorded wer 
systolic blood pressure and histories of high cholestero 
current cigarette smoking and diabetes mellitus. 
Resting electrocardiogram: These were classified as- 
normal, equivocal or abnormal. Abnormal electrocar- 
diograms demonstrated ST-T wave changes consist 
with left ventricular hypertrophy, ischemia or left bun 
dle branch block. Equivocal tracings had nonspecifi 
ST-T wave changes not consistent with any ue these edi 













ughton treadmill ‘protocol: was used by 38 patients 
nd 18 used an arm ergometer protocol. The following 
ata were collected from the stress studies: exercise time 
minutes), resting and maximal heart rates, maximal 
ystolic blood pressure (manual stethoscope with cuff 
ygmomanometry), exercise-induced symptoms (an- 
al vs nonanginal), millimeters of ST-segment de- 
on. and R-wave amplitude changes (V5 rest—Vs 
ss). ST-segment changes were recorded for all ex- 
spt those with abnormal resting electrocardiograms. 
Exercise-related ST-segment changes were measured 
0.08 second after the J point and compared to the base- 
line between 2 PR segments. ST segments were also 
itegorized as to whether they were upsloping, horizon- 
tal or downsloping in nature. All studies were read by | 
of us without knowledge of the historical, scintigraphic 
or angiographic data. 

© Concurrent thallium scintigraphic studies were per- 
formed on 135 patients. The images were read by l of 
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abnormal with fixed or reversible defects. : 

Coronary angiography: Angiograms were read by 2 
cardiologists (APM one of them). Differences were re- 
solved by consensus. CAD was defined as the presence 
of =1 vessel with >50% diameter narrowing. | 

Probability algorithms: Three methods were com- 
pared, all of which used both Bayes’ theorem as defined 
within the original reports and the independence as- 
sumption.’ The first method (method A) initially re- 
ported by Diamond and Forrester in 197935 used a tab- - 
ular format and considered 5. variables: age, sex, symp- 
toms, millimeters of horizontal or downsloping - ST 
depression and thallium results. 

The second method (method B) was a variation of 
method A reported by Patterson et al® in 1982. It used a 
graphic format for the same variables as method A ex- 
cept that exercise-induced angina was also considered. 

In addition, exercise ST changes and thallium testing 
had fewer groups into which responses were catego- 
rized. This was considered to be a simplification of 
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reported by Patterson et al® in 1982. It used a 
hic format for the same variables as method A ex- 
iat exercise-induced angina was also considered. 
In addition, exercise ST changes and thallium testing 
had fewer groups into which responses were catego- 
tized. This was considered to be a simplification of 
method A with the addition of a new variable. 
- = Method C (CADENZA), the third method, was a 
-further variation. CADENZA used a computer format 
-based on the sequential application of Bayes’ theorem 
and was developed by Diamond et al.” In addition to the 
already mentioned variables, it considered Framingham 
risk factors, exercise time, heart rate and blood pressure 
responses, and more detailed entries for ST-segment, 
QRS and thallium data. Other testing modalities, such 
as coronary fluoroscopy, were available for entry of re- 
sults, but these were not considered in this study. 
Method of comparison and analysis: Data from all 
436 patients were used in this study with no exclusions 
for normality of resting electrocardiogram, medications 
or predetermined adequacy of stress testing. Each meth- 
od was used to generate 4 probabilities that were then 
subsequently analyzed: pretest probability, stress elec- 
trocardiogram posttest probability, thallium posttest 
probability (only for those who underwent that study) 
atid final posttest probability. This final posttest proba- 
bility represented the final probability after all available 
noninvasive studies were performed. For some, it was 
the same as the stress electrocardiogram posttest proba- 
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bility and for those whe underwent thallium s udie 
was the thallium posttest probability. - Reg 

Depending on the analysis undertaken, final pos es 
probabilities were divided into subgroups (e.g., decile 
Mean pretest and posttest probabilities for each meth 
were compared by analysis of variance. Means were ex 
pressed as the mean + 1 standard deviation with 95' 
confidence limits in parentheses. Final posttest probabil 
ity as deciles was compared to the actual prevalence o 
CAD in that decile. Sensitivity and specificity for ea 
method at each fifth percentile of final posttest proba 
bility were evaluated. Formulas for the pertinent frac 
tions were as follows: 





































Sensitivity 
(true positive fraction) | 
true positives 
true positives + false negatis 


Specificity 
(true negative fraction) 
true negatives 
~ true negatives + false positive 


Proportions were expressed as percentages with the ra 


proportion and the 95% confidence limits in parenthe- 
ses. Comparison of proportions was performed using 


nonpar ametric compar ison testing. E 
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47 +38 
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48 +37 
45-52 












ee <0. 0001. 
= CL = confidence limits; ECG = electrocardiogram,; NS = difference not significant; 
SD = standard deviation. — 






















Population: Of the 436 patients who met the criteria 
fe this study, 250 oD were men with an ay ae age 


-100 


l ‘tom: asses 5 h owed. the. ollowing di tributic : : typ 





angina in 99 (23%), atypical angina in 182 (42%), non- 
anginal chest pain | in 132 (30%) and asymptomatic in 
23 (6%). | E 

Catheterization results revealed that 169 of the 436 | 
(38%) patients had CAD; 107 men (43%) and 64 (34%) , 
women had CAD. By respective symptom class, CAD | 
was seen in 54% (typical), 37% (atypical), 27% (non- 
anginal) and 52% (asymptomatic). 4 

Comparison of probabilities: Table | lists the mean | 
pretest probability and stress electrocardiogram, thalli- | 
um and final posttest probabilities for the 3 methods. 
While the 3 pretest probability results were not differ- 


ent, CADENZA consistently demonstrated significant- 


ly higher posttest probabilities compared to the other 2 — 
methods. : 

Comparison to actual Incidence of coronary artery 
disease: Figure | shows the distribution of patients in 


each decile for pretest probability and final posttest 


probability. Figure 1A shows a similar distribution of 
pretest probability for each method and a larger num- 
ber of patients in the lower deciles reflecting the large 
percentage of our sample with atypical and nonanginal 
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FIGURE 3. A, B, and C refer tothe 





omg as aoe to 
entire range of final posttest proba- 




















igure 1B shows that each method moved a 
nber of patients to either the lower or higher 
s with methods A and B distributing relatively 
“more patients to the lower deciles. 





Concerning the actual incidence of CAD, Figure 2 
_ shows how each of the methods compared to the others 
“and to the expected results for each decile of final post- 
test probability. All methods underestimated the inci- 
dence of CAD in the first decile. By the third decile, 
there was accurate prediction by each method. Beyond 
the fourth decile, there was overestimation by each 
method. CADENZA was the worst in this respect and 
method A was slightly better than method B. Concern- 
ing this latter difference in the higher deciles, these dif- 
ferences were not statistically significant. However, 
-when the highest 4 deciles (60 to 99%) were pooled and 
each method compared, a difference was noted between 
-method A and CADENZA (83/119—70% vs 105/ 
-:180—58%; p <0.05). 
- Comparison of sensitivity and specificity: Figure 3 
shows sensitivity (true positive fraction) and specificity 
(true negative fraction) as a function of the final post- 
test probability for each method. Across the entire 
range of posttest probability, CADENZA was more 
sensitive and less specific than methods A and B (p 
<0.01). 


DISCUSSION 
Comparison of three methods: For the 3 methods 
evaluated, there appear to be significant differences be- 
tween the results obtained with methods A and B and 
those of CADENZA. The simpler methods A and B 
were, in fact, virtually the same technique, differing 
only by 1 extra variable for B, in the number of catego- 
ries for test results, and in the need for visual estimate 
of probabilities. Therefore, the equivalence of their sen- 
sitivity and specificity over all thresholds of posttest 
probability should be no real surprise. As a result, be- 
cause method A preceded method B, methods A and B 
will be referred to as method A for the remainder of 
this discussion. 
However, CADENZA differed dramatically from 
“the other methods and these differences depended on 
the threshold used. Previous studies using method A to 
evaluate its utility have considered <10% as the cut- 
=- point between those with and without CAD.*/®!! At 
this particular threshold, CADENZA was a better dis- 
criminator than method A. 
Unfortunately, the same cannot be said concerning 
CADENZA’s ability at the opposite end of the diagnos- 
tic spectrum. Higher posttest probabilities with 
CADENZA were significantly less likely to be true pos- 
itives when compared to those derived from method A. 
Therefore, whereas CADENZA may well be a better 
screening method due to its sensitivity, method A is a 
better confirmer of disease presence due to its specific- 
ity. Given the relative merits of each method, both 
ild be used (i.e., 1 to first exclude or include disease 
_[CADENZA] and then if included, 1 to con- 
hod A] disease presence). 
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Figure 2 shows that as the deciles increased, the 
divergence between CADENZA and method A im 
creased. This is likely an example of deterioration: of 
diagnostic accuracy due to failure of the independence 
assumption. CADENZA used 3 times as many var 
ables as method A. Fryback? has demonstrated that a 
variable number increases, degradation of performance 
due to overweighting of redundant information is more 
likely to occur. Detrano et al'2 have, however, demon- 
strated independence of most of the variables used in 


calculate the probability based on the S 
sult. Here the prior probability was modified by a fact 
that varied depending on sex. This was not noted f 
any of the other test variables we considered. This w 
possibly an attempt by the investigators who created t 
software to adjust for the apparent dependence of S 
results on sex. Methods A or B do not have any su 
adjustments and whether it made any difference 
CADENZA’s results is unclear. p 

Other methods that do not depend on the indepe 
dence assumption are being developed.!*.'* These met 
ods usually involve logistic regression or discriminan! 
function analysis as the means to determine posttest 
probability. It is hoped that by using a pool of uniform: 
data from a large number of patients, discriminant 
functions or a logistic regression equation can be gener 
ated that will have universal applicability.!? ae 

Accuracy of Bayesian methods: Many studies hav: 
evaluated the effectiveness of techniques using Bayes 
theorem and the independence assumption for the pur 
pose of separating those patients with from those with 
out CAD.4!0-1215-20 Studies have compared posttes 
probabilities of CAD presence to the actual incidence of 


* 


CAD and found positive relations. These were per- ee 
formed using populations from previously published see 
ries,? the Coronary Artery Surgery Study population?! — 
and smaller defined populations.+7:!>2 es 
Our own data also indicated this same positive rela- 
tion (Figure 2) but, in addition, emphasized the poin 
that Bayesian methods that use the independence as 
sumption seem to underestimate CAD prevalence a 
lower posttest probabilities and overestimate CAD prev: 
alence at higher posttest probabilities. Other studies 
have also noted this drawback.*!5 Therefore, our study. 
yielded data consistent with that found elsewhere ale 
though our population differed in the overall prevalence 
of CAD. yea 
To our knowledge, our study populations CAD 
prevalence of 38% (population of both men and womel 
was lower than that found in all previously publishe 
studies that have evaluated Bayesian methods. This w: 
so even though our population was also derived fro 
those referred for catheterization. Prevalences in prev 
ous reports have ranged from 44 to 73% with m 
>55%. g s ia Se 










erning catheterization. Most other study populations 
re derived from patients referred for catheterization 
with no prior indication of whether stress testing was 
done previously or whether it was used in the decision to 
efer for catheterization. The method or rationale in 
previous studies by which patients were selected or re- 
ferred for catheterization was usually not discussed ex- 
cept that they were felt to be candidates by their refer- 
_ Ting physicians. Our study likewise did not look at the 
methods used to determine referral, but we do know 
that stress testing may have had a role because all pa- 
tients received it. 
= Whereas our study, as well as all others, suffered 
_ from what has been called pretest referral bias,23 we do 
_ know that all of our patients were drawn from the popu- 
lation with suspected CAD. Those patients who were 
not felt to be appropriate for stress testing and who 
re referred directly for catheterization were not con- 
dered in our study. This group (not referred to us) 
may have a higher prevalence of CAD and might ex- 








plain why our prevalence was lower. Nonetheless, con- 
cerning the accuracy of Bayesian methods, our popula- 
-tion with a lower prevalence yielded similar conclusions 
to those studies using higher prevalence populations. 

<- Therefore, our data lend support to another assump- 

~ tion of Bayesian methods, referred to as the cross-insti- 
tution assumption.'> This assumption refers to the appli- 
cability of test data at 1 institution to patients at anoth- 

er institution. Nevertheless, despite this support, the 

- Cross-institution assumption (which remains an assump- 
_.. tion) as well as referral bias will remain confounding 
<- factors that need to be tolerated. For ethical reasons, it 

-will never be possible to perform accuracy studies on the 
real population that needs to be studied (i.e., all of those 

| - presenting with suspected CAD). 

Our own group of 436 patients was drawn from 
a consecutive series of 1,681 patients with suspected 
CAD. The actual prevalence in the entire group of 
_ 1,681 was unknown, but it was likely to be significantly 
= <38%. We make this statement based on the fact that 
the mean pretest probability (method A) for the 1,245 
patients who did not undergo catheterization was 24.7% 
and for the 436 patients in our study was 41.6%. The 
act that the prevalence in our study group was lower 
than any other published report on this subject suggests 
that our sample population was closer to representing 
the original group than those for most studies. However, 
the pretest probabilities suggest that our study group 
was still very different from the entire group from 
which it was drawn. _ l 
Because this particular study dealt only with com- 
paring the 3. Bayesian methods and their ability to de- 
either the presence or absence of CAD, we cannot 
nent on the assessment of CAD severity and its 
our results. Further studies at our institution 
important variable. | 




















accurate. 
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| usions: Whereas CADENZA demonstrated ` 
improved sensitivity over methods A and B, its specific- 
ity was inferior to the other methods. Therefore, where- 
as CADENZA may be a better screening tool to ex- 
clude CAD, higher posttest probabilities generated by 
CADENZA cannot be relied on to confirm the pres- 
ence of CAD. For this purpose, method A or B is more 
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-intravenous VERSED has been associated with respiratory depression and respi- 
talory arrest, especially when used for conscious sedation. In some cases, where 
as not recognized promptly and treated effectively, death or hypoxic 
ephalopathy has resulted. Intravenous VERSED should be used only in hos- 
lor ambulatory care settings, including physicians’ offices, that provide for 
antinuous Monitoring of respiratory and cardiac function. Immediate availability 
resuscitative drugs and equipment and personnel trained in their use should 

> assured. (See WARNINGS.) 

12 Initial intravenous dose for conscious sedation may be as little. as 1 mg, but 
hould not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concomi- 
tant narcotics or other CNS depressants. The initial dose and all subsequent 

_ doses should never be given as a bolus; administer over at least 2 minutes and 

< allow an additional 2 or more minutes to fully evaluate the sedative effect. The use 
“ofthe 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL. formulation is 
~ fecommended to facilitate slower injection. Consult complete product infor- 
mation under DOSAGE AND ADMINISTRATION for complete dosing information. 



































immediately. Vital signs shouid continue to be monitored during the recovery period. 
Because IV VERSED depresses respiration, and opioid agonists and other sedatives 
can add to this depression, it should be administered as an induction agent only by a 
nu, Person trained in general anesthesia and should be used for conscious sedation only 
odin the presence of personnel skilled in early detection of underventilation, maintaining 
>. @-patent airway and supporting ventilation. For conscious sedation, do not admin- 
ster IV by rapid or single bolus. Serious Cardiorespiratory adverse events have 
~ Qeeurred. These have included respiratory depression, apnea, respiratory arrest 
and/or cardiac arrest, sometimes resulting in death. There have been rare reports of 
~= hypotensive episodes requiring treatment during or after diagnostic or surgical 
“Manipulations in patients who have received VERSED. Hypotension occurred more 
~ frequently in the conscious sedation studies in patients premedicated with narcotic. 
Reactions such as agitation, involuntary movements, hyperactivity and combativeness 
have been reported. These may be due to inadequate or excessive dosing or 
improper administration; however, the possibility of cerebral hypoxia or true paradoxi- 
-u Cal feactions should be considered. Should these reactions occur response to each 
= |, dose.of VERSED and all other drugs should be evaluated before proceeding. 
= Concomitant use of barbiturates, alcoho! or other CNS depressants may increase the 
~fisk of underventilation or apnea and may contribute to profound and/or prolonged 
~ drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
aois Bloxide stimulation. 
“Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
...| disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal failure and patients with congestive heart failure eliminate 
midazolam more slowly. Because elderly patients frequently have inefficient function of 
one or more organ systems, and because dosage requirements have been shown to 
-decrease with age, reduce initial dosage and consider possibility of a profound and/or 
effect. 
minister in shock, coma, acute alcohol intoxication with depression of vital 
Particular care should be exercised in the use of IV VERSED in patients with 
‘compensated acute illnesses, such as severe fluid or electrolyte disturbances. 
uard against unintended intra-arterial injectior: hazards in humans unknown. Avoid 
xtravasation. 
Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
nder stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in activities requiring mental alertness must be individualized: it is recom- 
mended that no 



























AY doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after. 
VERSED for induction of anesthesia. 


ct of IV VERSED is accentuated by premedication, 
meperidine, fentanyl) and also secobarbital 
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A moderate reduction in inducti age requirements of thiopental (about 15% 


has been noted föllowing use of IM VERSED for premedication. oe 
IV administration of VERSED decreases the minimum alveolar concentration (MAC) 
halothane required for general anesthesia. This decrease correlates with the dose 
VERSED administered. . 
Although the possibility of minor interactive effects has not been fully studied, VERS 
and pancuronium have been used together in patients without noting clinically sign 
cant changes in dosage, onset or duration. VERSED does not protect against the | 
characteristic circulatory changes noted after administration of succinyicholine or 
pancuronium, or against the increased intracranial pressure noted following admini 
tration of succinyicholine. VERSED does not cause a clinically significant change in 
dosage, onset or duration of a single intubating dose of succinyicholine. 









































muscie relaxants) or topical locali anesthetics (including lidocaine, dyclonine HCI a 
Cetacaine) have been observed. 
Drugilaboratory test interactions: Midazolam has not been shown to interfere with 
clinical laboratory test results. 
Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male rats ha 
a small but significant increase in benign thyroid follicular cell tumors, These tumors 
were found after chronic use, whereas human use wili ordinarily be of single or sever 
doses. 
Midazolam did not have mutagenic activity in tests that were conducted. 
A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose. 
Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evi- 
dence of teratogenicity in rabbits and rats. 
Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam i 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not rec- 
ommended for obstetrical use. 
Nursing mothers: Ìt is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman. 
Pediatric use: Safety and effectiveness in children below the age of 18 years have not, 
been established. : 
ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespi 
events and possible paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidai volume and/or respiratory rate decrease (23.3% of patients following 
IV and 10.8% of patients following IM administration) and apnea (15.4% of patients 
following IV administration), as well as variations in blood pressure and pulse rate. 
Following IM injection: headache (1.3%): local effects at IM site: pain (3.7%), induratio 
(0.5%), redness (0.5%), muscle stiffness (0.3%). Following IV administration: hic- 
coughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%), headache (1.5%), drowsiness (1.2%): local effects at the IV site: tenderness 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%), phlebitis 
(0.4%). Other effects (<1%) mainly following IV administration: Respiratory: Laryngo- 
spasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow respirations, 
airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovagal episode, tachycardia, nodal rhythm. Gastrointestinal: Acid 
taste, excessive salivation, retching. CNS/Neuromuscular: Retrograde amnesia, C 
euphoria, confusion, argumentativeness, nervousness, anxiety, grogginess, restless- | 
ness, emergence delirium or agitation, prolonged emergence from anesthesia, 
dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid 
movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesia. : 
Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic movements : 
of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss of balance, | 
lightheadedness. Integumentary: Hives, hive-like elevation at injection site, swelling 
or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella- 
neous. Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma. 
Drug Abuse and Dependence: Available data concerning the drug abuse and : 
dependence potential of midazolam suggest that its abuse potential is at least equiv- = 
alent to that of diazepam. 
OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines (e€.g., sedation, somnolence, confusion, impaired coordination, diminished | 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be ` 
expected. . 
DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- - 
ence has shown VERSED to be 3 to 4 times as potent per mg as d . 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE FOR 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REGARD- 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arrest. 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 
section in the complete product inforr n. 

































P. i. 0988 


Roche Laboratories 


P a division of Hoffmann-La Roche Inc. 









prig ht Bicycle 


| Upright bicycle exercise echocardiography and 


‘coronary angiography were performed in 42 pa- 
tients from 1 month to 15 years (mean 6.3 years) 
after coronary artery bypass grafting (CABG) to 
determine if exercise-induced wall motion abnor- 

-malities could be correlated with the presence and 
location of nonrevascularized vessels. Nonrevascu- 

darized vessels were defined as obstructed vessels 

without grafts, obstructed grafts or native vessels 
obstructed distal to bypass graft insertion. Ade- 
quate quality echocardiograms were recorded at 
rest, peak exercise and after exercise in 38 pa- 
grams were adequate in 3 others. Only 1 patient 
was excluded from analysis for inadequate peak 
and postexercise echocardiograms. Exercise- 
induced wall motion abnormalities were present in 
33 of 35 patients (94%) who had 1 or more non- 
revascularized vessels and these abnormalities 
were absent in 5 of 6 (83%) who had all vessels re- 
vascularized. Wall motion abnormalities were local- 
ized to the territory of the left anterior descending 
(LAD) artery or to a combined right (R) coronary- 
left circumflex (LC) region of circulation. Exercise- 
induced wall motion abnormalities were present in 
24 of 27 LAD artery regions (89%) and 23 of 26 
R-LC regions (88%) that had nonrevascularized 
vessels. These abnormalities were absent in 13 of 
14 LAD regions (93%) and in 12 of 15 R-LC re- 
gions (80%) that had only revascularized vessels. 
Upright bicycle exercise echocardiography was 
successfully performed after CABG. The technique 
detected and accurately localized nonrevascularized 

, and revascularized vessels. 

(Am J Cardiol 1989;64:1123-—1129) 
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number of noninvasive methods are available f 
detecting recurrent myocardial ischemia in pa~- 
tients who have had previous coronary artery 
bypass grafting (CABG). Chest pain and the exercise. 
electrocardiogram lack sensitivity for the detection of . 
patients who have obstructed bypass grafts.'> Planar 
exercise thallium scintigraphy has improved sensitivity 
and a modest ability to localize diseased bypass. grafts 
and native vessels.5-? More recently, bypass graft paten- 
cy has been directly assessed by contrast-enhanced com- 
puted tomography.!01! 7 
Exercise echocardiography may be an alternative 
method for the detection of myocardial ischemia in pa- 
tients who have had previous CABG. The technique has’ 
been shown to be useful for the detection of coronary. _ 
artery disease and permits correlation between regional =. 
wall motion abnormalities and coronary anatomy. 218. = ooo 
A recent report from this laboratory suggested that. 
echocardiographic imaging at peak bicycle exercise wast 
more sensitive than imaging performed immediately af- = — 
ter bicycle exercise, particularly in patients who have = —— = 
collateral blood vessels or bypass grafts.!? This study de- = 
termines the ability of upright bicycle exercise echocar- = 
diography to detect and localize nonrevascularized and = 
revascularized vessels in patients who have had CABG. = 


Patient selection: The study population consisted of ’ 
all patients who had previous CABG who underwent 
upright bicycle exercise echocardiography and coronary 
angiography from April 1986 through August 1988 at- 
Indiana University Hospital. Adequate quality exercise » 
echocardiograms were obtained in 41 of 42 patients, - 
and these 4] patients comprised the study group. Echo- . 
cardiography was performed from 1 month to 15 years 
(mean 6.3 years) after CABG. The mean age was 59- 
years (range 42 to 71) and there were 34 men and 7- 
women. Twenty patients were receiving 6-adrenergic- 
blocking agents and 19 had previous myocardial infarc- 
tion. Twenty-three patients presented with either angina 
pectoris or recent infarction. The remaining 18 present- 
ed with atypical chest pain, dyspnea or arrhythmia, or ` 
were referred for evaluation without symptoms. | 

Bicycle exercise testing: Upright bicycle exercise: 
was performed at a constant speed of 60 rpm starting at- 
a workload of 25 watts. The workload was increased by 
25 watts every 2 minutes. Three bipolar electrocardio- 
graphic leads were continuously monitored. Exercise 
test endpoints were: (1) development. of chest pain | 
fatigue Preventing further exercise, (2) >3 pre a 













The exercise electrocardiographic response was 
graded as normal, ischemic or nondiagnostic. An isch- 
mic electrocardiographic response was defined as the 
development of 21 mm of horizontal or downsloping 
ST-segment depression 0.08 second after the J point in 
a lead with a normal resting ST segment. The electro- 
cardiogram was nondiagnostic if ST depression devel- 
es oped i in a lead with resting ST-segment abnormalities or 
in the presence of digitalis therapy. 
-The exercise test was considered positive for isch- 
=. emia in the presence of an ischemic electrocardiograph- 
“i = dc response or a nondiagnostic response if the patient 

<.. also developed chest pain. The exercise test was consid- 

ered negative for ischemia if the electrocardiographic 
~ “response was normal, or if the electrocardiogram was 

- nondiagnostic and the patient had no chest pain. 

Coronary angiography: Coronary angiograms were 
ao performed within 3 weeks of exercise echocardiography 
using the Judkins technique. The angiograms were in- 

. terpreted without knowledge of results of the exercise 

- echocardiograms. Nonrevascularization of a major epi- 

-  ¢ardial coronary artery or major branch vessel was de- 
fined by any 1 of the following criteria: >50% diameter 
stenosis of an ungrafted vessel, >50% diameter stenosis 
of a bypass graft or >50% diameter stenosis of a vessel 
distal to the insertion of a bypass graft, or severe distal 
vessel disease with flow restriction as defined by the 
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| angibarcoher: Yr none of | ‘these conditions were met, 









vessel was defined as revascularized. 

Echocardiography: Echocardiograms were obtained 
using commercially available equipment (Advanced 
Technology Laboratories Mark 300 or Ultramark 4). 
Resting echocardiograms were obtained in the paraster- 
nal long- and short-axis views and in the apical 4- and 
2-chamber views with the patient in the left lateral de- 
cubitus position. Additional rest images in the apical 
views were recorded with the patient sitting upright on 
the bicycle. At peak exercise, images were obtained in 
the apical 4- and 2-chamber views. Immediately after 
completion of exercise, imaging was repeated in all 4 T 
views with the patient in the left lateral decubitus posi- _ 
tion. . 
The images were captured and stored in computer _ 
memory using an on-line analysis system (Microsonics © 
Pre-Vue, Microsonics). Eight consecutive images of 
each view were captured at 50-ms intervals. For each 
view of the resting study, 1 cardiac cycle consisting of a 
sequence of 8 images was stored in memory. Four cardi- 
ac cycles of each view of the peak and postexercise ex- 
ams were stored. After acquisition of all images, an ex- 
perienced technician selected the best quality cycle of © 
each of the exercise views for analysis. The images were _ 
rearranged in memory so the appropriate left lateral 
rest views were paired with the appropriate views after 
exercise. Upright rest views were paired with peak exer- 
cise views. The data were transferred to 5.25-inch flop- 
py disk for permanent storage and analysis with the 
views displayed in a quad-screen format. 

Analysis of echocardiograms: Echocardiograms 
were interpreted by an experienced echocardiographer 
who was blinded to the results of exercise electrocardi- 
ography and coronary angiography. Regional wall mo- 
tion was qualitatively graded as normal, hypokinetic, 
akinetic or dyskinetic. The resting echocardiogram was 
evaluated for the presence of abnormal septal motion 
secondary to open heart surgery. 

A positive exercise echocardiogram was defined as 
development of a wall motion abnormality with exercise 
in a segment with normal motion at rest, or worsening 
of wall motion by 21 grade in a segment with abnormal 
motion at rest. For example, a change from hypokinesis 
at rest to akinesis with exercise was considered a posi- 
tive study result. A negative exercise study was defined 
as normal wall motion at rest, peak exercise and after 
exercise or abnormal resting wall motion that was un- 
changed or improved at peak and after exercise. For 
example, a change from hypokinesis at rest to normal 
motion at peak exercise and after exercise was consid- 
ered a negative study result. 

Localization of nonrevascularized and ravecciler- 
ized vessels: In previous reports from this laboratory, 
exercise echocardiography demonstrated the ability to 
specifically identify disease of the left anterior descend- _ 
ing (LAD) artery.'820 However, the technique was less __ 
reliable for distinguishing between. an ey corone ryo 
and left circumflex (LC) ai cause of over 
lap! in the areas suppliec | 























































































posterior walls.'*° For this reason, the left ventri- The inferior, posterior and lateral walls and the 
e was divided into only 2 regions; 1 supplied by the septum in the 4-chamber view were included in the 
AD artery, and the other supplied by the combined R- LC region. = 

LC artery circulation (Figure 1). The anterior septum, To correlate the echocardiographic and angiographic 
apex, anterior walls and mid-septum in the apical 4- results using the 2-region scheme, the presence of exer 
chamber view were included in the LAD artery region. _cise-induced wall motion abnormalities (positive echo- 
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FIGURE 2. A, Long-axis echocardiograms demonstrating left ventricular dilation and posterior wall akinesis (arrowheads) with 


woman in A demonstrating septal hypokinesis and lateral wall akinesis (arrowheads 
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: Revascularized Vessels E : 
LAD Regions (n = 41) 

























Nonrevascularized All Vessels 
Vessels Revascularized 
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=: Positive echo. 24 1 

|. (EXWMA) © | 

a Negative echo 3 13 
_ (No ExWMA) 

Sensitivity ExWMA 89% (24/27) 

~~ Specificity EXWMA -93% (13/14) 


> | EXWMA = exercise-induced wall motion abnormality: 


















TABLE ll Localization of Nonrevascularized and 
| Revascularized Vessels 
| RCA-LCX Regions (n = 41) 





Nonrevascularized All Vessels 
Vessels Revascularized 
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“A positive echo 23 3 


cod. (EXWMA) 
| Negative echo 3 12 
aes (No ExWMA) 
oot. Sensitivity ExWMA 88% (23/26) 
Specificity EXWMA 80% (12/15) 


EXWMA = exercise-induced wall motion abnormality. 


cardiogram) within a particular region was considered 
to represent nonrevascularization of at least 1 vessel in 
~ that region. The absence of exercise-induced wall mo- 
tion abnormalities (negative echocardiogram) within a 
region was considered to represent revascularization of 
~~ all vessels in that region. For example, a patient with a 
<>< positive exercise echocardiogram in the R-LC region 
“would be expected to have nonrevascularization of ei- 
ther the R artery or the LC artery, or both vessels. A 
patient with a negative study in the R-LC region would 
be expected to have revascularization of both the R and 
LC arteries. 
Statistical analysis: Sensitivity was defined as true 
positive results divided by the sum of true positive and 
false negative results. Specificity was defined as true 
negative results divided by the sum of true negative and 
false positive results. The accuracy of echocardiography 
for localization of nonrevascularized and revascularized 
essels was defined as the sum of true positive and true 
negative results divided by the total number of regions. 
‘The data were compared using Fisher exact test. 





RESULTS 

- Coronary arteriography: By angiographic criteria, 6 
f 41 patients had all vessels revascularized and nonre- 
ascularized vessels were present in the remaining 35. 
f these patients, 15 had nonrevascularization of 1 ves- 
nd 20 had multivessel nonrevascularization. 
ercise testing: All of the 11 patients who devel- 
st pain ugk exercise had nonrevasculanzed 





vessels. The exercise | electrocar liogram was diagn 
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of ischemia in 11 patients, nondiagnostic i in 10 and nor 
mal in 20. The exercise test was positive for ischemia in- 
12 of 35 patients (35% sensitivity) who had nonrevascu-: 
larized vessels, and the exercise test was negative in 6 of 
6 patients (100% specificity) who had all vessels revas- 
cularized. 

Exercise echocardiography: Exercise echocardio- 
grams were of adequate quality for interpretation in 41 
of 42 patients (98%), including 38 who had adequate 
quality echocardiograms at peak and after exercise. In 
the 1 patient who was excluded from analysis, equip- 
ment malfunction prevented proper acquisition of all — 
the exercise images. 

Detection of nonrevascularization: The exercise | 
echocardiogram was positive in 33 of 35 patients (94%) 
who had at least 1 nonrevascularized vessel. The exer- 
cise echocardiogram was positive in 14 of 15 patients : 
(93%) who had 1 nonrevascularized vessel and in 19 of | 
20 patients (95%) who had multivessel nonrevascular- 
ization. | 

Figure 2 shows exercise-induced wall motion abnor- 
malities detected at peak and after exercise in a woman 
presenting with angina after CABG. Angiography re- 
vealed severe 3-vessel disease, LC graft occlusion and 
LAD artery graft patency with reduced LAD artery 
flow. 

The exercise echocardiogram was negative in 5 of 6 
patients (83%) who had all vessels revascularized. The 
remaining patient had an exercise-induced wall motion 
abnormality that was present only at peak exercise. 

Localization of nonrevascularized and revascular- 
ized vessels: The exercise echocardiographic identifica- 
tion of the location of nonrevascularized and revascular- 
ized vessels is listed in Tables I and II. The exercise 
echocardiogram was positive within 47 of 53 regions 
(89%) that had nonrevascularized vessels and the echo- 
cardiogram was negative within 25 of 29 regions (86%) 
that had revascularized vessels. The accuracy of exer- 
cise echocardiography for determination of the location 
of nonrevascularized and revascularized vessels was 
88% (72 of 82). Nonrevascularized vessels were present 
in both the LAD and R-LC regions in 19 of 20 patients 
who had multivessel nonrevascularization. In 15 of 
these 19 patients (79%), the exercise echocardiogram 
was positive within both regions. Thus, bicycle exercise 
echocardiography specifically identified the majority of 
patients who had nonrevascularized vessels in both re- 
gions. 

Segmental, exercise-induced wall motion abnormali- 
ties were absent in the LAD artery regions of all 3 pa- 
tients who exhibited paradoxical septal motion at rest. 
The abnormal septal motion was attributed to previous 
cardiac surgery. One of the 3 patients had a nonrevas- 
cularized LAD artery but achieved a spak iii rate of 
only 115 beats/min. D i 







Comparison of « y at. and after 
exercise: Thirty-two patients who | had nonrevascular- < 
ized vessels had id adequa ite echoc ir uk. 





























































































‘exercise. Of these 32, 29 had positive exercise 
ies at peak and 28 had positive studies after exer- 
CIS Therefore, in patients who had completely ade- 
quate exercise echocardiograms, the sensitivities of 
echocardiography at peak and after exercise (91 vs 88%, 
respectively) were comparable. A total of 8 regions de- 
veloped peak exercise-induced wall motion abnormali- 
ties that resolved by the time of imaging after exercise. 
Nonrevascularized vessels were present in 7 of the re- 
gions and revascularized vessels were present in | re- 
gion. Peak exercise imaging was important for the spe- 
cific identification of patients who had nonrevascular- 
ized vessels in both regions. Five patients who had 
positive echocardiograms and nonrevascularized vessels 
in both regions had peak exercise abnormalities in 1 re- 
gion that resolved by the time of imaging after exercise. 
Specific identification of patients who had nonrevascu- 
larized vessels in both regions would have decreased 
from 15 (79%) to 10 (53%) by evaluation of echocardio- 
grams only after exercise (p = 0.170). 

Localization of nonrevascularized and revascular- 
ized vessels by changes in resting wall motion abnor- 
malities: Segmental resting wall motion abnormalities 
were present in 41 of 82 LAD and R-LC regions. Hy- 
pokinesis was present in 24 regions (59%), akinesis was 
present in 10 (24%) and 6 regions (15%) had both hypo- 
kinetic and akinetic segments. Dyskinesis was present in 
1 region (2%). To determine the diagnostic value of 
changes in abnormal resting wall motion with exercise, 
regions that had nonrevascularized vessels were corre- 
lated with the location of resting wall motion abnormal- 
ities that worsened with exercise, and regions that had 
all vessels revascularized were correlated with the loca- 
tion.of resting abnormalities that were unchanged or 
improved with exercise. 

Resting wall motion abnormalities that worsened 
with exercise were present in 27 of 31 regions (87%) 
with nonrevascularized vessels and in 2 of 10 regions 
(20%) that had all vessels revascularized. Resting ab- 
normalities that were unchanged with exercise were 
present in 4 nonrevascularized regions (13%) and in 3 
revascularized regions (30%). Resting abnormalities 
that improved with exercise were exclusively found in 
yevascularized regions (5, or 50% of revascularized 
regions). 


DISCUSSION | 

_ Echocardiographic imaging and interpretation: Pre- 
vious studies have shown that echocardiographic i imag- 
ing during bicycle exercise can be performed in most 
patients.!%2!2? This study demonstrates that echocardi- 
ography can be successfully performed during and after 
bicycle exercise in patients who have undergone CABG. 
The long time elapsed (mean 6.3 years) from cardiac 
surgery to echocardiography may have contributed to 
the success of imaging in this study. In some patients 
who. undergo exercise echocardiography shortly after 
cardia „surgery, excessive cardiac motion can pose 
both in. the- uL i and ee of 









THE AMERICAN JOURNAL OF CARDIOLOGY NOV 
































































images.” The analysis system used in this study per 
continuous viewing of a single cardiac cycle, or revie\ 
of a portion of a cycle, which eliminates some cardia 
motion. 
Abnormal ventricular septal motion commonly oc- 
curs after open heart surgery and may introduce error 
in the identification of wall motion abnormalities due to 
septal ischemia.7425 The weight of evidence indicates 
that excessive anterior cardiac motion is probably the 
cause of abnormal septal motion.2°*8 The low frequen-. 
cy of the finding in this study (3 of 41 patients) is con 
sistent with previous observations that the septal abnor 
mality may resolve over time.?” Abnormal septal moti 
should not affect the assessment of left anterior de 
scending graft or distal disease if the apex can be a 
quately imaged. Additionally, the presence or absenc 
of septal thickening can be used to distinguish betwee: 
postoperative and ischemic septal wall motion abnor 
malities. < 
Detection of nonrevascularization: Chest pain and 
ST-segment depression on the exercise electrocardio- 
gram have low sensitivity for the detection of patients. 
who have obstructed grafts or residual disease of native 
vessels.!-35 The addition of planar thallium scintigraphy 
improves the sensitivity for detecting patients with dis- 
eased grafts to the 65 to 80% range.’ In a small series 
of patients undergoing exercise radionuclide ventric 
ulography, a 5% decrease in exercise ejection fraction 
had a sensitivity of 71% for the detection of patient 
who had diseased bypass grafts.” In this study, exercise 
echocardiography demonstrated a high sensitivity (94% | 
that significantly exceeded the sensitivity of exercise . 
electrocardiography (35%, p <0.001) for the detection ~ 
of patients who had nonrevascularized vessels. The large = 
number of patients receiving §-adrenergic blocking 
agents contributed to the reduced sensitivity of exercise 
electrocardiography. In a previous study from this labo- 
ratory, peak exercise imaging improved the sensitivity — 
of bicycle exercise echocardiography by detecting wall- 
motion abnormalities that subsequently resolved by the 
time of imaging after exercise.!? In this study, echocar- 
diography after exercise had comparable sensitivity to — 
peak exercise imaging for the detection of patients who . 
had nonrevascularized vessels. | 
The exercise echocardiogram was negative in 5 of 6 
patients (83%) who had no angiographically significant. 
disease. The true specificity of exercise echocardiogra i 
phy may be underestimated by the results in this sma 
population because results of exercise echocardiography 
may have influenced the decision to perform coronary 
angiography. : 
Localization of nonrevascularized and revascular- : 
ized vessels: Accurate localization of obstructed and 
nonobstructed vessels cannot be achieved by exercis 
electrocardiography or exercise radionuclide angiogra 
phy. Exercise thallium scintigraphy and contrast-en 
hanced computed tomography are the noninvasive tech 
niques that have been used to identify the location 
obstructed or patent bypass sal 6,10,11,30 In our stu 

















exercise échocatdiogran: danionstratet the ability to 
ocalize nonrevascularized and revascularized vessels to 
regions of the left ventricle with an accuracy of 88%. 
< Peak exercise echocardiography was of value in de- 
termination of the extent of obstructive disease. Seven- 
ty-nine percent of patients who had nonrevascularized 
“vessels in both regions were identified by positive echo- 
_ >- cardiograms within both regions. Imaging after exercise 
<: alone would have identified only 53% of patients who 
~ had nonrevascularized vessels in both regions. In a pre- 
-vious report from this laboratory, echocardiography af- 
ter treadmill exercise specifically identified disease of 
multiple native vessels in a similar proportion of patients 
(59%) with this condition.!® Echocardiographic imaging 
_. during exercise may be necessary for the detection of 
<- multiple ischemic areas, as the area becoming ischemic 
. . first may be the limiting factor to the test. Therefore, 
_ the detection of areas with less severe or prolonged isch- 
_ emia may depend on imaging during exercise. 
_. . Significance of changes in resting wall motion ab- 
< normalities: In regions with resting wall motion abnor- 
` malities, worsening of wall motion was sensitive (87%) 
and relatively specific (80%) for detecting the presence 
«Of nonrevascularized vessels. The large proportion of re- 
<= gions with mild resting wall motion abnormalities (59% 
with hypokinesis) may have contributed to the favorable 
results. Hypokinesis at rest may be a normal variant or 
„represent nontransmural necrosis or ischemia.3!3* Exer- 
- cise-induced ischemia may then cause further deteriora- 
tion of wall motion. Worsening of wall motion with ex- 
ercise may not be seen in segments with severely abnor- 
„mal resting wall motion due to extensive necrosis or 
severe ischemia. 
Resting wall motion abnormalities improved with 
-= exercise in 5 regions that had all vessels revascularized. 
_ This observation suggests that these regions have both 
_ viable myocardium and adequate perfusion resulting in 
> preserved contractile reserve. Alternatively, hyperkinesis 
of adjacent, normally perfused walls may lead to the 
= appearance of improvement in wall motion of a small 
> portion of ischemic or infarcted myocardium. Improve- 
<: ment in abnormal resting wall motion during and im- 
mediately after exercise has also been observed with ra- 
_ dionuclide ventriculography .*344 
=- Our results suggest that the status of perfusion to 
regions of the left ventricle can often be determined in 
the presence of mildly abnormal resting wall motion. 
~ However, no reliable conclusions can be made when a 
resting wall motion abnormality remains unchanged 
_with exercise. 
~~. Study limitations: The study population represents 
nly a portion of the patients who were studied with 
upright bicycle exercise echocardiography after bypass 
irgery. In some cases, the decision to perform coronary 
ngiography was influenced by the results of echocardi- 
graphy and this served to limit the number of patients 
cluded in the study who were completely revascular- 
ed. This small number limits any conclusions regard- 
g the specificity of exercise tnduced wall motion 
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nonrevascularized vessels. However, the location of ex 
ercise-induced wall motion abnormalities specifically 
identified the location of nonrevascularized vessels using 
the 2-region scheme. 7 

We did not evaluate patients who underwent exer- 
cise echocardiography soon after bypass surgery. Most 
of these patients were asymptomatic and did not under- 
go coronary angiography. Thus, no specific conclusions 
can be made regarding the value and potential difficul- 
ties of bicycle exercise echocardiography soon after by- 
pass surgery. 
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To assess the role of intravenous isoproterenol for 


the facilitation of electrophysiologic induction of 
atrioventricular (AV) node reentrant tachycardia, 
20 patients with dual AV node pathways who 
lacked inducible AV node reentrant tachycardia at 
control study had a constant isoproterenol infusion 
administered and underwent repeat study. Six 
(30%) of 20 patients (group 1) had inducible AV 
node reentrant tachycardia during isoproterenol in- 
fusion whereas the other 14 (70%) patients (group 
ll) did not. Paroxysmal supraventricular tachycar- 
dia was clinically documented in all 6 group | pa- 
tients compared to 3 (21%) of 14 group Il patients 
Ip = 0.002). The sensitivity and specificity of iso- 
proterenol-facilitated induction of AV node re- 
entrant tachycardia were 67 and 100%, respec- 
tively. The isoproterenol-facilitated induction of 
sustained AV node reentry was mediated by resolu- 
tion of the weak link in anterograde slow pathway 
in 2 (33%) patients, in retrograde fast pathway in 
3 (50%) and in both anterograde slow and retro- 
grade fast pathways in 1 (17%) patient. Four 
group I patients were given intravenous proprano- 
ol, 0.2 mg/kg body weight, and had complete sup- 
oression of isoproterenol-facilitated induction of AV 
10de reentry. Thus, intravenous isoproterenol is a 
rather sensitive and highly specific adjunct to elec- 
trophysiologic induction of AV node reentrant 
tachycardia in patients with dual AV node path- 
ways but without inducible sustained AV node re- 
antry. 





(Am J Cardiol 1989;64:1131-—1137) 
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Electrophysiologic Induction of Atrioventricular | 
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Dual Atrioventricular Node Pathways 
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- were: (1) the presence of dual anterograde AV node 














































ual atrioventricular (AV) node pathway conduc a 

tion is a common electrophysiologic responsi 

and AV node reentry can be demonstrated 
many patients with dual AV node pathways who clini- 
cally exhibit paroxysmal supraventricular tachycardia.'~ 
4 Previous studies have shown that pharmacologic inter- < 
vention with atropine>® or isoproterenol’® may facili- 
tate the electrophysiologic induction of sustained AV > 
node reentry in patients with clinically documented par- 
oxysmal supraventricular tachycardia who have dual 
AV node pathways but fail to have electrically inducible 
AV node reentrant tachycardia. However, the sensitiv- =o 
ity and specificity of the effects of such drugs have not = 
been determined. In this study, we assess the role of = > 
intravenous isoproterenol for the facilitation of induc- = = = 
tion of AV node reentrant tachycardia in patients with 

and those without a clinical history of paroxysmal su- = o0. 

praventricular tachycardia who exhibit dual AV node = 
pathways but fail to have AV node reentrant tachycar- 
dia induced by programmed electrical stimulation at 
control electrophysiologic study. 


METHODS e 
Study population: Inclusion criteria for this study as 


pathway conduction as suggested by discontinuous AV . 
node conduction curves (AA, A> H2; AJA), H:H2) 
with atrial extrastimulation;! (2) the inability to in- = 
duce sustained AV node reentry with incremental atrial 
pacing and with atrial extrastimulation using single or - 
double atrial extrastimuli; (3) the absence of antero- - 
grade or retrograde conduction over an anomalous AV - 
connection; and (4) the absence of contraindications to E 
intravenous isoproterenol. : 
Twenty patients (16 men, 4 women), aged 20 to 83 S 
(mean 46 + 19) years, were enrolled. The indications. 
for electrophysiologic study were palpitations associated . 
with documented paroxysmal supraventricular tachy- 
cardia in 9 patients, palpitations, near syncope or synco- 
pe with clinically observed sustained or nonsustained 
ventricular tachycardia in 5 and syncope or near synco-_ 
pe without clinically documented arrhythmia in 6 (Ta- 
ble I). Six patients had atherosclerotic coronary artery. 
disease (patients 10, 12, 13, 15, 16 and 20) and 1 (pa- 
tient 12) of these 6 patients had concomitant hyperten- 
sive cardiovascular disease; 13 patients had no clinic 
evidence of structural heart disease and 1 patien 
tient 17) had alcoholic cardiomyopathy. 



























































Pt Age (yrs), 


No. Sex Symptoms 





43, F P 
24, F P 
53, F P, NS 
54, M P, NS 
23,M P 
33, M P 
` Group ll 
. 7 61,M P 
8 51,M P, NS 
9 20, M S 
10 74, M P 
11 22, M P 
12 83, M S 
13 50, M S 
14 36, M S 
15 52, M NS 
16 74,M S 
1? 49, F $Z 
18 40,M NS 
19 24,M P 
20 62, M S 


ventricular PO — = none. 


+ Blectropheyitologie study: After obtaining informed 


: x = > consent, all patients were studied in a fasting, nonse- 
dated state. All antiarrhythmic medications had been 
discontinued for at least 5 elimination half-lives before 
the study. Using a conventional technique,’ a quadripo- 
Jar electrode catheter was introduced from the right 

_ femoral vein and positioned in the right atrium against 
-© the septal leaflet of the tricuspid valve for recording the 
His bundle potential. Quadripolar electrode catheters 
<- were also positioned in the high right atrium, coronary 
sinus and right ventricular apex. The distal pair of elec- 
<: trodes were used for electrical stimulation and the prox- 
imal pair for recording. Intracardiac electrocardiograms 
= were simultaneously displayed with electrocardiograph- 
~~ je leads I, IĮ and V; on a multichannel oscilloscopic re- 
-corder (Electronics for Medicine, VR-16) and were re- 
- corded at a paper speed of 100 mm/s using filter fre- 
quency settings of 30 to 500 Hz. A programmed digital 
stimulator (Bloom and Associates) was used to deliver 
electrical impulses of 2.0 ms duration at approximately 
twice diastolic threshold. 
<> ~ Atrial incremental pacing and atrial extrastimula- 
-tion with single and double extrastimuli were used to 
determine anterograde conduction and refractoriness 
-and to attempt to induce AV node reentrant tachycar- 
dia, Retrograde conduction and refractoriness were 
yaluated with ventricular incremental pacing and ven- 
ular extrastimulus testing. Extrastimulation was per- 
ed.at both driving cycle lengths of 600 and 400 ms. 
fter failure to induce AV node reentrant tachycar- 
1 continuous infusion of isoproterenol at 1 wg/min 











‘infusion ate | was increased iby m deviation. © The Student te 





Clinically ‘Arrhythmia 


Duration Documented induced at 
of Symptoms Arrhythmia EPS 








5 yrs PSVT AVNRT 
2 yrs PSVT AVNRT 
1.5 yrs PSVT AVNRT 
2 yrs PSVT AVNRT 
3 yrs PSVT AVNRT 
5 yrs PSVT AVNRT 
0.5 yr PSVT — 
3 yrs VT VTs 
<7 days Vins VTs 
<7 days Vins = 
<7 days PSVT — 
å yrs Vins VTns 
6 mos — Sinus arrest with CSM 
<7 days — — 
2 mos ~— ~— 
<7 days VTns = 
l yr _ — 
4 mos — Prolonged SRT 
4yrs PSVT — 
<7 days — l — 


i aT EE CSM = carotid sinus massage: EPS = electrophysiologic study: NRT = node reentrant tachycardia; NS = near syncope; SP = palpitations: PSVT = = paroxysmal 
- supraventricular tachycardia; S = syncope; SRT = sinus recovery time; SZ = seizures; VT = ventricular tachycardia; VTs = sustained ventricular tachycardia; VIns = nonsustained 


additional 1 g/min every 3 minutes until sinus tachy- 
cardia of 115 to 125 beats/min was achieved. Pro- 
grammed electrical stimulation was repeated at a driv- ` 
ing cycle length of 400 ms during the isoproterenol infu- 
sion 3 minutes after the final increment in isoproterenol 
infusion rate. 

Definitions: Anterograde and ued refractory 
periods and conduction intervals of the AV conduction 
system were defined and measured as previously de- 
scribed.!!° AV node reentrant tachycardia was defined 
as supraventricular tachycardia associated with (1) an- 
terograde dual AV node pathway conduction (dis- 
continuous A;A>, A2Hz; Ai A>, HH; curves), 14 (2) 
critical AV node conduction delay (anterograde slow 
AV node pathway conduction) for tachycardia initia- 
tion;!-4 (3) earliest retrograde atrial activation in the ~ 
low septal right atrium (His bundle electrographic lead) 
during tachycardia; and (4) absence of conduction over 
an anomalous AV connection in either anterograde or 
retrograde direction. ! 11? 

The anterograde slow or retrograde fast AV node 
pathway was designated as the weak link when sus- 
tained AV node reentry of the slow-fast form could not 
be initiated.!>!4 Absence of atrial echo phenomenon af- © 
ter the His bundle potential of a premature atrial im- 
pulse that conducted through the anterograde slow 
pathway indicated a weak link in the retrograde fast 
pathway. Presence of atrial echo phenomenon without 
following the His bundle potential indicated a weak link y 
in the anterograde slow AV node pathway. p 

Statistics: Data were expressed a as 1 mean + standard 
























: LE II Electrophysiologic Data in Patients with Inducible AVNRT 


. Iso At At FP FP SP 
Pt Dose ERP FRP ERP FRP ERP 
no, (ug/min) (ms) (ms) (ms) (ms) (ms) 
1 Cc 190 210 WB WB WB 
i 1.0 160 190 250 330 250 
2 C 200 240 WB WB WB 
| 1.0 180 230 260 320 <230 
3 C 200 260 WB WB WB 
i 2.0 150 <180 200 290 180 
4 Ç 190 230 WB WB WB 
| 4.0 160 220 230 330 <220 
5 C 220 280 275 310 <280 
| 4.0 200 230 <230 260 = 
6 C 220 260 310 360 <260 
i 1.5 190 230 260 320 <230 
Mean C 203 247 293 335 270 
+S$D +14 + 25 +25 + 35 +14 
173 213 240 308 222 
+ 23 + 28 + 26 


tinuous variables. Noncontinuous data were compared 
using the Fisher exact test. Electrophysiologic parame- 
ters were measured at both cycle l ngths of 600 and 400 
ms but only those at the cycle length of 400 ms were 
statistically analyzed. A p value <0.05 was considered 
significant. | 
The sensitivity of isoproterenol-facilitated induction 
of AV node reentrant tachycardia was defined as the 
number of patients with isoproterenol-facilitated induc- 
tion of AV node reentrant tachycardia who had clinical- 
ly documented paroxysmal supraventricular tachycardia 
divided by the total number of patients with clinically 
documented paroxysmal supraventricular tachycardia; 
the specificity of jsoproterenol-facilitated induction of 
AV node reentrant tachycardia was defined as the num- 
ber of patients without inducible AV node reentrant 
- tachycardia during isoproterenol infusion who lacked 
-clinically documented paroxysmal supraventricular 
tachycardia di ided by the total number of patients 
- without clinically documented paroxysmal supraventric- 
-ular tachycardia. 





RESULTS | 
Isoproterenol facilitated induction of sustained AV 
node reentry in 6 (30%) of 20 patients (group I). All of 
these 6 patients had the usual slow-fast form of AV 
node reentrant tachycardia using a slow AV node path- 
way for anterograde conduction and a fast AV node 
pathway for retrograde conduction.!-!0 In the remaining 
-14 patients (group II), sustained AV node reentry re- 
mained uninducible during isoproterenol infusion. 
=> Comparison of clinical parameters: The mean ages 
f group I and group II patients were 38.3 + 13.8 and 
8 + 20.0 years (Table I), respectively (difference not 
t). There was no statistical difference in the . 







Before and During Isoproterenol Infusion (Group 1) | 


Retrograde Study 


SP Ant Max 
FRP WCL AH At ERP 
(ms) (ms) (ms) Echo (ms) 
WB 400 360 + 210 
370 <250 220 AVNRT 220 
WB 400 340 + 210 
370 250 190 AVNRT 190 
WB 350 310 + 220 
300 250 280 AVNRT 190 
WB 400 330 _ 220 
360 300 230 AVNRT 180 
330 300 300 - 200 
~ <250 210 AVNRT 190 
530 350 320 ~ 190 
330 300 240 AVNRT 200 
430 367 327 208 
+ 141 +41 + 22 412 
346 267 228 192 
+8 











































gender and the incl 
groups of patients. 
documented paroxysm 


specificity was 1.00. ans 
Of the 14 group II patients, 12 had historical, clini- 
cal monitoring or electrophysiologic data that explained 
the clinical symptoms. In addition to the 3 patients with — 
documented paroxysmal supraventricular tachycardia, ` 
patients had nonsus ained or sustained ventricular 
tachycardia, 1 had a $-second sinus pause with carotid 
sinus massage, | had a history suggestive of vasovagal - 
syncope (patient 14), 1 had a history of chronic alcohol © 
abuse (patient 17) and 1 had a markedly prolonged si- 
nus node recovery time consistent with sick sinus syn: 
drome. Thus, in only 2 of the 14 group II patients, the 
cause of clinical symptoms could not be determined. 
son of control electrophysiologic parame 
ters: No statistical difference in the mean control sinus 
cycle length, effective and functional refractory periods. 
of the atrium, fast and slow AV node pathways, AV. 
and ventriculo-atrial Wenckebach cycle lengths, maxi- 
mum AH interval and effective refractory periods of the 
right ventricle and ventriculo-atrial conduction was not- — 
ed between group I and group II patients (Tables II and 
IH). o 
In the 


rt 


control state, inability to induce AV node re- 
entrant tachycardia was associated with the consistent 
presence of an atrial premature beat-induced atrial eck 
phenomenon in 2 (3 3%) of 6 group I patients and i 
(29%) of 14 group II patients (difference not sigt 
-cant) indicating a weak link in the. anterograde 
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Dose ERP FRP > ERP FRP ERP FRP WCL AH At ERP ERP WCL 
(ms) (ms) (ms) (ms) (ms) (ms) Echo (ms) (ms) (ms) 






































ng Isoproterenol Infusion (Groupi) | 




















c 220 260 290 350 <260 430 350 340 + 20 390 450 
| 60 220 250  <250 27% ~ ~ 250 140 - 160 <229 ~ 
Goo 160 260 we WB WB WB 500. 190 ~ 230 VAB VAB 
| 40 130 150 240 300 ~ - 300 120 ~ - ~ 300 
C 200 — 250 280 390 260 430 350 470 + 230 270 310 
| 25 170 210  <210 290 ~ - «300 170 - 200  <230  <300 
C 230 250 WB WB WB WB 400 320 - 220 WB 400 
E, | 30 210 230 240 290 - — 250 240 ~ 160 220 300 
“12 c 230 260 WB wB WB WB 400 420 - 190 VAB yap 
a i 10 220 280 300 360 270 410 350 230 - 180 VAB yap 
“13 C 190 230 WB WB WB WB 500 350 - 20 wep 400 
l I 40 150 180 260 310 <180 340 300 230 + 160 <230 <300 
14 e 220 260 330 380 310 440 400 250 ~ 210 >40 500 | 
s | 30 170 190 240 300 190 429 250 250 - 190 350 450 
15 è 210 230 wB WB WB WB 350 440 - 190 VAB VAB 
7 | 40 160 240 240 290 170 340  <300 210 =- 220 <20 < 300 
16 t 200 220 280 340 <220 560 300 340 + 20 360 350 
pa I 25 190 210  <210 29 - 275 160 - 200 240 300 
ee, è | 180 210 330 370 310 450 350 390 — 200 VAB VAB 
2. I Ll5 160 180 190 280 <180 350 250 210 =- 200  <230 <300 
18 c 200 240 WB WB WB WB 450 240 ~ 250 VAB VAB 
| i 30 190 230 305 370 280 410 300 140 ~ 240 VAB VAB 
19 c 200 240 350 390 300 470 350 420 ~ 220 VAB VAB 
I 20 140 160 <160 320 ~ — <250 180 ~ 200 VAB VAB 
-20 C 260 280 320 330 31i0 560 350 320 ~ 210 340 350 
1 30 210 300 <220 <310 -  <250 200 — 200 210 250 
Mean C 211 249 311 364 281 477 389 351 213 355 401 
+ SD t27 £22 +28 435 435 458 4 59 +83 +18 447 463 
| 31 180 217 236 305 211 378 280 191 190 238 320 


= ventriculo-atrial: other abbreviations as in Tables land H. 





pathway. In 1 (17%) group I patient (case 2), atrial 
~ echo phenomenon was inconsistently present during 
atrial extrastimulus testing and, in this case, the weak 

link varied between the anterograde slow and retro- 
~ grade fast AV node pathways. In the remaining 3 group 
T patients and 10 group II patients, inability to induce 
AV node reentrant tachycardia was not associated with 


atrial echo phenomenon during atrial extrastimulus 










_ Patient (patient 5), the anterogr 
__ Way refractory period 




























+ 38 ms in group II patients (p <0.0001). No statistical | 
difference in the mean sinus cycle length, effective and 
functional refractory periods Of the atrium, fast and 
slow AV. node ‘pathways, AV and ventriculo-atria] 
Wenckebach cycle lengths, maximum AH interval and 
effective refractory periods of the right ventricle and 
ventriculo-atria] conduction was noted between group I 
and group II patients (Tables Il and HI). Each of these 
mean electrophysiologic parameters was significantly 
decreased during isoproterenol infusion compared to 
Corresponding mean control values in both group I and | 
group II patients. | 
Electrophysiologic mechani anisms of induction of sus- 
tained atrioventricular node reentry: In group I pa- 
tients, AV node reentrant tachycardia was induced in 2 
patients (patients 1 and 3) after resolution of the weak 
link in the anterograde slow AV node pathway, in | 
patient (patient 2) after resolution of the weak link in 


ways, and in 3 patients (patients 4 to 6) after resolution | 
of the weak link in the retrograde fast pathw 









e anterograde AV ae condicion curve re- 
Because of enhancement of AV node conduction, 
critical AV nodal conduction delay and sustained AV 
node reentry could only be induced by double atrial ex- 
trastimuli in 2 patients (patients 4 and 5) (Figure 1). 
Electrophysiologic findings associated with inability 
to induce sustained atrioventricular node reentry: In 7 
(50%) of 14 group I patients (patients 7 to 11, 16 and 
19), inability to induce sustained AV node reentry was 
associated with isoproterenol-induced abbreviation of 
anterograde fast AV node pathway refractoriness to a 
degree that slow AV node pathway conduction could 
not be elicited by incremental atrial pacing or double 
atrial extrastimulation. Thus, in these cases, dual path- 
way AV node conduction curves were abolished with 
isoproterenol infusion and replaced by smooth fast AV 
node pathway conduction curves. In 3 (21%) patients 
(patients 12, 18 and 19), complete ventriculo-atrial 
block persisted despite isoproterenol infusion. In 3 
(21%) patients (patients 14, 15 and 17), the weak link 
in the retrograde fast AV nodal pathway persisted de- 
spite isoproterenol-induced abbreviation of ventriculo- 
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FIGURE 1. 
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arrows). Dual AV node pathway conduction with discontinuous A1A2, A2H2; A1Å2, HHz curves without induction of AV node 
reentry (absence of atrial echo phenomenon) can be demonstrated at an atrial pacing cycle length of 600 ms (not shown). B, 







ducia of alrtoventricular (AV) nede reentrant tackycardia. A, in the control state, atrial 
phenomenon 









































atrial effective ee sad a Í ventzicul 
Wenckebach cycle length (Table III). In 1 (7%) pa 
(patient 13), failure to induce sustained AV nodal reen 
trant tachycardia during isoproterenol infusion was as 
sociated with persistence of a weak link in the ante: 
grade slow AV node pathway. : 
Beta-adrenergic blockade for isoproterenol-facili 
tated induction of atrioventricular node reentrant 
tachycardia: As clinically indicated in 4 of the 6 group 
patients, -adrenergic blockade was achieved with 
travenous infusion of propranolol, 0.2 mg/kg bo 
weight,!> at a rate of | mg/min after electrical termina 
tion of AV node reentrant tachycardia during isoproter 
enol infusion. Incremental atrial pacing and single and 
double atrial extrastimuli were repeated 10 minutes af- 
ter the conclusion of propranolol administration. / 
node reentrant tachycardia became noninducible in: 
of these patients despite isoproterenol infusion, and. 
measured electrophysiologic parameters returned ap 
proximately to their control values. : 
Side effects: Although all patients omanda O 
flushing and palpitations during the isoproterenol infu- 
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during isoproterenol infusion at 2 g/min, double atrial extrastimuli are delivered at an atrial pacing cycle length of 400 ms. ’ the 




















first premature stimulus (S2) conducts with delay through the fast AV node pathway (AH interval is increased from 80 ms to 
130 ms after $2). The second premature stimulus (S3) blocks in the fast AV node pathway and conducts with marked delay 
3 n the slow AV node pathway (AH nnen o pars a adipsia 
; pr. hic leads I, Il and V; are simultaneously displayed with endocardial "eco 

and elated coronary Sram (C): Puniani ae in oe Al 
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lone developed severe side effects such as angina 
ris or ventricular tachycardia requiring infusion 
termination. 


DISCUSSION 
_ The present study extends the findings of prior inves- 
gations”? by showing that only patients with clinically 
documented paroxysmal supraventricular tachycardia 
ad isoproterenol-mediated induction of sustained AV 
node reentry; none of the patients with dual AV node 
pathways lacking clinically documented paroxysmal 
supraventricular tachycardia developed inducible AV 
node reentrant tachycardia during isoproterenol infu- 
sion; and intravenous propranolol effectively blocks the 
facilitating action of isoproterenol. 
-. Mechanisms of action in isoproterenol-facilitated 
induction of atrioventricular node reentrant tachycar- 
dia: Failure to sustain AV node reentrant tachycardia 
of the slow-fast form is due to inadequate conduction 
over the anterograde slow or retrograde fast AV node 
pathway.!°-!3 In this study, isoproterenol-mediated im- 
< provement in conduction leading to inducible AV node 
--.. reentrant tachycardia could be seen in either the antero- 
grade slow AV node pathway or the retrograde fast AV 
mode pathway or both simultaneously. Isoproterenol- 
mediated abbreviation of atrial effective and functional 
refractory periods allows conduction of atrial extrastim- 
uli of greater prematurity and, when coupled with 
< shortened anterograde slow or retrograde fast AV node 
-pathway refractory period, or both, may further help to 
facilitate induction of sustained AV node reentry. 
Electrophysiologic findings in the absence of iso- 
. proterenol-facilitated induction of atrioventricular node 
-reentrant tachycardia: The most common electrophysi- 
ologic finding associated with failure to induce AV node 
© reentrant tachycardia during isoproterenol infusion was 
_ abbreviation of the fast AV node pathway refractory 
` -> period to an extent that the pre-isoproterenol discontin- 
uous AV conduction curves became continuous and 
ar anterograde slow AV node pathway conduction could 
~~ not be achieved with 1 or 2 atrial premature stimuli or 
->with incremental atrial pacing. A similar finding has 
~ -been observed in patients who fail to have inducible AV 
>: node reentrant tachycardia after the administration of 
„intravenous atropine.® Persistent complete ventriculo- 
atrial block during the infusion of isoproterenol was an- 
other important electrophysiologic finding associated 
with inability to induce AV node reentrant tachycardia. 
The site of ventriculo-atrial block can be presumed to 
‘be above the His-Purkinje system in the distal common 
athway or both retrograde fast and retrograde slow 
AV node pathways, because ventriculo-atrial block be- 
ow the AV node, by itself, would not prevent induction 
f AV node reentrant tachycardia.!6!7 Additionally, in- 
bility to induce sustained AV node reentry could be 
sociated with persistent weak link in the retrograde 
ast AV node pathway or less commonly in the antero- 
slow AV node pathway. 
Hypotheses for the observed findings: Significant 
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macologic responses belies. ‘anterograde: and retro- 
grade AV node conduction has been ascribed to tissue 
anisotropy due to fiber orientation heterogeneity.!8-22 — 
Because no electrophysiologic explanation for preferen- 
tial isoproterenol-facilitation of the induction of sus- 
tained AV node reentry is apparent, we speculate that a 
heightened sensitivity to catecholamines resulting from 
a different pattern of tissue anisotropy may exist in the 
AV node of patients with clinically documented supra- 
ventricular tachycardia compared to patients with dual 
AV node pathways lacking previously documented su- 
praventricular tachycardia. 

Clinical implications: The administration of intrave- 
nous isoproterenol is a safe and useful adjunct to the 
electrophysiologic study of patients with dual AV node 
pathways who lack inducible AV node reentrant tachy- 
cardia without isoproterenol infusion. Isoproterenol fa- 
cilitates induction of AV node reentrant tachycardia in 
patients with previously documented supraventricular 
tachycardia. The sensitivity and specificity of isoproter- 
enol-facilitated induction of AV node reentrant tachy- 
cardia are high. Furthermore, 6-adrenergic blockade ef- 
fectively suppresses isoproterenol-facilitated induction 
of AV node reentrant tachycardia. Therefore, 8-adre- 
nergic blocking agents may be the drug of choice in this 
subset group of patients with paroxysmal AV node re- 
entrant tachycardia. 
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have been difficult to define. Few studies have suc- 
ily correlated serum amiodarone concentra- 


+0 ites : s are 23 clinical effects well suited for making 
= c-dynamic comparisons because they occur in 
virtually all patients receiving amiodarone. Data on 
: heart rate, corrected QT interval, corneal micro- 
_ deposits, cumulative dose and serum concentra- 
-tions of amiodarone and desethylamiodarone (DEA) 
were collected over the course of 1 year after initia- 
tion of therapy in 27 patients (mean age 55.4 + 
2.35 years). Mean elimination half-lives in this 
study population were 56 days for amiodarone and 
< 129 days for DEA, as estimated from cumulation 
kinetics without drug withdrawal. The extremely 
-long half-lives of amiodarone and DEA make dem- 
=- > onstration of steady-state concentration-response 
_ relations difficult. A new approach using analysis 
-of sequential data before steady-state reveals gen- 
eral relations between dose, DEA concentration 
and 3 clinically observable effects of amiodarone. A 
een linear relation was evident between DEA concen- 
tration and log mean cumulative amiodarone dose 
(mg/kg) for the population. The steep segments of 
- the concentration-response curves for heart rate, 
microdeposits and corrected QT interval occurred 
at low, medium and high serum amiodarone and 
DEA concentrations, respectively. Patients not de- 
eloping a decrease in heart rate or corneal micro- 
eposits likely have very low serum drug concen- 
trations and may not be adequately treated. The 
monitoring of heart rate, corrected QT interval and 
orneal microdeposits as an aid to assessing ade- 
quacy of amiodarone therapy requires further 


(Am J Cardiol 1989;64:1138-1143) 
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Heart Rate, 


miodarone is a highly effective antiarrhythmic 

agent recently released for clinical use in North 

America.’ Despite more than 20 years of clini- 
cal use in Europe and 10 years of experimental use in 
North America, both its pharmacokinetic profile and 
the relation of its pharmacodynamic oy to drug 
concentrations have been difficult to define.2 Attempts 
to demonstrate dose-concentration relations have shown 
poor correlations at best.>-> Whereas some investigators 
have reported weak concentration-effect correlations,>~7 
for the most part these have also proved elusive.34:8 9 

Two facts suggest that new approaches are neces- 
sary to demonstrate kinetic-dynamic relations for this 
drug. The extremely long half-lives of amiodarone and 
its pharmacologically active metabolite, desethylamio- 
darone (DEA), possibly in excess of 100 days, imply 
that attempts to correlate daily dose and “steady-state” 
plasma drug concentrations cannot be successful during 
the first several months after initiation of therapy. Also, 
DEA possesses electrophysiologic and antiarrhythmic 
activity similar to that of amiodarone!!! and the con- 
tribution of DEA to the activity profile of amiodarone 
should not be overlooked. 

The likelihood of finding a kinetic-dynamic relation 
for a given drug will be maximized if the dynamic pa- 
rameter being observed is progressive and occurs in all 
patients receiving the drug. By these criteria, decrease 
in heart rate, prolongation of the corrected QT interval 
and accumulation of corneal microdeposits are all good 
candidates for defining concentration-effect relations. 
The results of a prospective study monitoring the pro- 
gression of these effects in relation to accumulating se- 
rum concentrations of both amiodarone and DEA are 
reported here. 


METHODS 
Subjects: Participants in this study were recruited 
from the arrhythmia service of a university hospital. Pa- 
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cardiac. arrhythmias refractory to treatment with con- 
ventional agents were interviewed. Those with severe 
pulmonary disease or life-threatening extracardiac ail- 
ments that might have interfered with the identification 
of adverse effects were excluded. The mean age of the 
27 patients (21 men and 6 women) analyzed was 55.4 + 
2.35 years (mean + standard error of the mean). The 
patients were given loading doses of amiodarone 400 
mg, 4 times daily, for 7 days. Then, according to the 
severity of their arrhythmia, 2 patients were discharged 
receiving 200, 4 receiving 300, 17 receiving 400 and 2 
patients receiving 600 mg/day. The mean daily dosage 
was 370 + 19.2 mg/day. Data concerning changes in 
serum lipids during therapy with amiodarone in many 
of these patients have been reported previously.'* The 
current analysis was performed with data from these 
and additional patients who completed the study. 

“Protocol: Patients were followed at 1, 2, 3, 6, 9 and 
12 months after starting therapy. Before receiving ami- 
odarone and at each follow-up visit, blood was drawn 
for the measurement of amiodarone and DEA concen- 
trations using a high performance liquid chromato- 
graphic assay developed in our laboratory.'° 

` At each visit, the resting heart rate and corrected 
QT interval were recorded from an electrocardiogram 
and the corneas examined. Documentation of micro- 
deposits was performed by a single investigator (PTP) 
using the same slit lamp ocular microscope at each visit. 
The development of corneal microdeposits was recorded 
as an average for both eyes, according to a 3-grade clas- 
sification system. These grades were defined as: (1) co- 
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inferior cornea; (2) arborizing extensions from the 
of the linear deposits; and (3) intensification and ex 
sion of the microdeposits across the visual axis of the 
cornea to form a defined whorl pattern. The catego 
“trace” (given a value of 0.5 for calculations) was used 
to denote the earliest appearance of fine punctate gold 
en-brown opacities lacking a defined pattern. 

An estimate of the terminal disposition rate constan 
(A) for amiodarone and DEA was made from accumu 
lating mean serum concentrations to confirm the as- 
sumption that both had extremely long elimination half. 
lives in the current study population. Daily administra- 
tion of a drug with a half-life in months is analogous ti 
a constant rate infusion. A set of equations comparable 
to those used for constant rate infusions!* can be devel. 
oped to show that the slope of a semilogarithmic plot o 
the differences between steady-state concentration (Css 
and each trough concentration (C) observed during a 
cumulation of the drug is equal to à. This plot is de 
scribed by the equation In[(Css — C) ib Css] = A - (time 
+ an intercept. The terminal half-life is then calculates 
as In(2) + slope of the plot. Because DEA did not reac 
steady state, Css could only be extrapolated, making th 
estimate of its half-life approximate. 3 

Statistical analysis: Data are presented as mean 4 
standard error. Least squares linear regression was pe 
formed to determine the correlation coefficient an 
probability of the dose-concentration relations. Statisti 
cal significance was accepted at the 95% confidence lev- 
el (p <0.05). Where data were suitable, the concentra: 
tion-response curve was fit to a logistic function: 
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response at low concentrations, b is the slope, c is the 
50% response in heart rate (ECso) and d is the response 
at high concentrations. An additional measure of the 
time of the onset of grade 1 corneal microdeposits was 
culated using the Kaplan-Meier survivor function 
ife table analysis). 


ESULTS 

-Serum drug concentrations: The mean concentra- 
tion-time curves for amiodarone and DEA are shown in 
Figure 1A. Amiodarone approached steady state some- 
ime in the last 6 months of the study whereas DEA 
ncentrations continued to increase during the entire 
year of therapy. Serum DEA concentrations were gen- 
erally half those of serum amiodarone concentrations, 
but the accumulation of DEA over a longer time course 
was apparent from a sequential increase in the DEA: 
- amiodarone ratio visit by visit, from 0.44 at 1 month to 
0.56 at 12 months. The intersubject variability for DEA 
Concentrations was 15% less than for amiodarone and is 
-= =i -geflected in the smaller error bars. Elimination half-lives 
estimated from accumulating concentrations for this 
population were 56 days for amiodarone and 129 days 

- for DEA. | 
Cumulative dose adjusted for body weight was com- 
-pared with serum drug concentrations (Figure 1B). The 
-increase in mean amiodarone concentration was propor- 
tional to mean log cumulative dose/kg for the first 6 
months only. These 4 values were related linearly (r? = 
0.91, p <0.03). The mean DEA concentrations were re- 
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period of the study (r? = 0.98, p <0.0001). 7 

Kinetic-dynamic relations: Concentration-response — 
relations for 3 clinical parameters are shown in Figure — 
2, 

The mean resting heart rate for the population de- 
creased from 86 + 5 to 66 + 2 beats/min during the 
first observation interval and further to 61 + 2 beats/ 
min by the end of the year. The fact that 80% of the 
decrease in heart rate had occurred before the 1-month 
follow-up (when the first concentrations were mea- 
sured) precluded an accurate fit of the apparent hyper- 
bolic concentration-response curve. The ECso was esti- 
mated to be 1.2 mg/liter for amiodarone and 0.5 mg/ 
liter for DEA. 

The mean corrected QT interval for the population 
was initially 442 + 7 ms. This increased slowly to 453 + 
7 ms over the first 9 months followed by a rapid in- 
crease to 479 + 9 ms between 9 and 12 months. The 
majority of the observed response (70%) occurred dur- 
ing the last 3 months, following a concentration-re- 
sponse curve that was relatively flat until the higher 
drug concentrations were reached later in the study. 
There was no indication that maximum response in cor- 
rected QT interval was achieved by 1 year and therefore 
a meaningful curve could not be fitted to the data avail- 
able at the end of the study. The mean concentrations 
associated with 50% of the total observed response in 
corrected QT interval were estimated to be 2.6 mg/liter 
for amiodarone and 1.4 mg/liter for DEA, more than 
twice that for heart rate. 

The mean grade of corneal microdeposits showed no 
response during the first month and then increased 
steeply over the second to fifth measurement intervals. 
During the last interval, the curve approached the maxi- 
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possible response imposed by the grading system 
. A Kaplan-Meier survivor function was calculated 
using development of grade 1 microdeposits as an end- 
point parameter. This estimated the median time of on- 
set for grade 1 microdeposits as 2.5 months (the time at 
which 50% of the cumulative population at risk devel- 
oped grade 1 microdeposits). As shown in Figure 3, the 
most rapid change in the incidence of corneal micro- 
deposits took place between months 2 and 3 when the 
proportion of patients free of microdeposits decreased 
from 60 to 15%. A steady progression toward higher 
grades of corneal microdeposits is also shown in Figure 
3. The mean concentration of amiodarone associated 
with 50% of the total observed response in corneal mi- 
crodeposits was estimated to be 2.2 mg/liter. The logis- 
tic function for microdeposit grade versus serum DEA 
concentration predicted an ECs of 1.08 mg/liter, a val- 
ue midway between those observed for heart rate and 
corrected QT interval. 


DISCUSSION 

Relations between dose, serum concentration and ef- 
fects of amiodarone have been postulated, but have 
proven difficult to demonstrate using the standard ap- 
proaches applied to drugs with shorter half-lives. This 
study confirms that such relations do exist, provides fur- 
ther information about the kinetics of the metabolite, 
DEA, and demonstrates differences in the sensitivity of 
at least 3 parameters to the effects of amiodarone and 
DEA. 

The 56-day elimination half-life of amiodarone is 
consistent with previous estimates in patients withdrawn 
from treatment,'> whereas the estimate of 129 days for 
DEA is considerably longer, but is in keeping with cited 
values of >100 days. Estimating elimination half-life 
from serum drug concentrations during the accumula- 
tion phase offers the possibility of studying differences 
in the elimination of amiodarone in large numbers of 
patients without requiring withdrawal of the medica- 
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area graph depicts the total number of pa- 
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tion. The technique could prove especially valua 


future studies needed to document the effects of h 
failure and liver dysfunction on the elimination of amio- 
darone and DEA. in 
Observation of the extremely long elimination half 
lives of amiodarone and DEA reinforces the impact o 
the unusual pharmacokinetic profile of amiodarone o 
clinical practice. The long half-life delays the attain 
ment of therapeutic effect during initiation and prolong 
the time to disappearance of electrophysiologic and sys 
temic effects after the cessation of therapy. Augmente 
dosing during the initiation of therapy is a ratio 
strategy to hasten the onset of antiarrhythmic effec’ 
During the first year of treatment the analogy to a 
intravenous infusion of drug is useful. The full impact 
a dosage change is not felt for many weeks. Verificati 
that a patient is doing well after 3 to 6 months whil 
receiving a particular dose does not guarantee that co 
plications will not occur later because accumulation 
the active metabolite is likely to continue well into 
second year of therapy. Continued follow-up is ni 
sary to recognize complications early because reversa 
of effects is delayed when the drug is withdrawn. 
There is still no agreement on the utility of measur 
ing serum or plasma amiodarone and DEA concentra 
tions in a clinical setting. Neither a direct relation be 
tween drug concentration and efficacy nor a threshold 
toxic concentration has been satisfactorily established.'® 
The therapeutic window for amiodarone serum concen- 
trations is often quoted as 1.0 to 2.5 mg/liter on the 
basis of a few studies, but these are not well substantiat- 
ed>!7 and a recent report has not shown any relatio 
among dose, plasma drug concentration and effects. 
A recent review of amiodarone therapeutic drug 
monitoring emphasized that attainment of steady-state 
conditions was assumed too early after initiation of ther- 
apy in many studies relating dose to concentration, in ` 
view of the long half-life of amiodarone.’ In the present _ 
study, assumptions regarding steady-state concentra- _ 
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ided. Examining the relations between 
gressive response in the study parameters and the 
quential serum concentrations avoided the need to 
correlate an endpoint effect with daily dose or a single 
steady-state” blood concentration. The cumulative 
dose adjusted for body weight correlated well with in- 
teasing serum drug concentration for both amiodarone 
-DEA before steady-state (r? = 0.91 and 0.98, re- 
sectively). The advantage of correcting dose for body 
ght is apparent from 2 previous studies. In a study of 
patients, comparison of the uncorrected dose ad- 
ministered to serum amiodarone concentrations pro- 
iced a poor correlation (r? = 0.13)3 whereas in anoth- 
tudy correcting daily dose for body weight provided 
tter correlation (r? = 0.62).!8 To be useful during 
first year of therapy, therapeutic drug monitoring 
will require an approach that reflects the very long half- 
life of the active metabolite. Therefore, the utility of 
following the rate of increase in serum DEA concentra- 
tions as a gauge of risk for adverse effects should also be 
studied. 
` A major contributor to both intra- and interpatient 
variability is the low and variable oral bioavailability of 
amiodarone. In contrast, metabolic production of 
DEA is buffered from fluctuations in absorption and 
_. variations in DEA concentrations are also dampened 
because of its longer half-life.!9 This is reflected in a 
15% smaller interpatient variability in DEA concentra- 
- tions and in less prominent undulations in the shape of 
the DEA concentration-time curve. The mathematical 
correlation present between DEA and amiodarone (r? = 
0.97) tends to obscure the fact that amiodarone stops 
accumulating before DEA. This difference is more ap- 
parent from the incremental increase in the DEA:amio- 
<- darone ratio at each visit from 0.44 at 1 month to 0.56 
> at 12 months. These differences in variability of the 
-= > concentration profile and the lack of change in amioda- 
fone concentrations while some responses continued to 
change during the last 6 months of the study imply that 
_ DEA concentrations will have more utility when seeking 
kinetic-dynamic relations. 
- Although a persistent decrease in heart rate of the 
order of 12 to 27% was expected,”° the early attainment 
‘of a near maximal decrease in heart rate at low serum 
drug concentrations in the current study was not pre- 
dicted because most studies have reported heart rates 
‘only at the beginning and end of follow-up. In retro- 
spect, more frequent measurements of heart rate and 
Serum drug concentrations in the first month would 
have been needed to define the shape of the concentra- 
tion-response curve more precisely. The rapid response 
of heart rate during the first month while amiodarone 
concentrations were increasing faster than those of 
DEA is consistent with the observation that amiodarone 
more effective than DEA in decreasing heart rate in 
The effect of amiodarone on heart rate was dissoci- 
od from that on corrected QT interval, both in time of 
nset and in response to serum drug concentrations with 











‘the estimated ECso for heart rate being about half th: 


for corrected QT interval. Because lengthening of the — 
corrected QT interval is the parameter most closely tied — 
to the anti-arrhythmic action of amiodarone,’ this ob- 
servation implies that heart rate would be a poor pa- _ 
rameter from which to gauge therapeutic activity. The 
late response in corrected QT interval observed in the 
present study may reflect the moderately low doses 
used. Previous reports of patients receiving 100 to 400 
mg/day showed only a 9% increase in corrected QT in- 
terval? whereas patients receiving 600 mg/day have 
shown a 23% increase.?! A lower daily dose delays the 
attainment of any given serum drug concentration that 
might be required to reach the region of rapid change in 
the concentration-response curve for corrected QT in- 
terval. In this study the most rapid change in corrected 
QT interval response took place after amiodarone con- 
centrations had stabilized but the concentration of DEA 
was still increasing. This is consistent with dog studies 
showing DEA to have an ECsg one-third that of amio- 
darone for the suppression of premature ventricular 
contractions’? and with the observation that the onset of 
electrophysiologic effects correlates with the accumula- 
tion of DEA in cardiac tissue.” In other studies, pa- 
tients receiving amiodarone for longer than 12 months 
have developed corrected QT interval lengths exceeding 
500 ms.*4 A study of >1 year duration is required to 
follow DEA concentrations until steady-state and docu- 
ment a full concentration-response curve for corrected 
QT interval. 

Corneal microdeposits are viewed as benign because 
they generally do not adversely affect vision and are re- 
versible after withdrawal of amiodarone. They do not 
require special surveillance by ophthalmologists.25 How- 
ever, their ubiquitous nature and relative ease of obser- 
vation provide a simple opportunity to document a re- 
sponse curve for amiodarone. The concentration-re- 
sponse relation for microdeposits demonstrated in the 
present study confirms previous observations that the 
evolution of microdeposits is related to the total cumula- 
tive dose and therefore to the duration of therapy of 
amiodarone.*> The progression to higher grades of cor- 
neal involvement as the length of exposure to amioda- 
rone increases is illustrated in Figure 3. The total area 
of this graph represents the number of patients with any 
degree of corneal involvement versus time receiving 
amiodarone, and the margin of this area closely match- 
es the time course for the occurrence of microdeposits 
presented by Greene et al.° Biron et al,?’ using life ta- 
ble analysis, showed median time of onset also to be 
related to average daily dose of amiodarone. They stud- 
ied 66 patients receiving a mean daily dose of 247 
mg/day and found a median time for the occurrence of 
microdeposits to be 6 months, compared to 2 months 
calculated for the 70 patients in the study of Greene et 
als who received a mean dose of 372 mg/day. Our pa- 
tients received a mean dose similar to those of Greene et. ee 
al (370 mg/day) and had a similar medi ro 
development of grade 1 microdepo A 
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irug amiodarone or DEA must reach it via secretion 
in tear fluid. Amiodarone accumulates in the lacrimal 
glands and is excreted into tear fluid only after a thresh- 
old plasma concentration of 1.2 mg/liter is reached, fol- 
lowed by a steep climb in amiodarone tear concentra- 
tions as plasma concentrations increase further.” The 
lack of development of corneal microdeposits during the 
first month of therapy followed by a rapid increase in 
microdeposits observed in the current study is consistent 
with such a threshold for drug secretion into tears. 

The relations documented between DEA and 3 clini- 
cal effects are consistent with previous laboratory work 
showing the pharmacologic activity of DEA.'° During 
long-term therapy, the myocardial/ plasma concentra- 
tion ratio for DEA is 3 times that of amiodarone”? and 
70%. of the pharmacologic activity during long-term 
therapy with amiodarone is attributable to DEA. 22 The 
smaller intrinsic variability in DEA concentrations seen 
in this and other studies? also adds to the utility of mea- 
suring DEA in the search for a clinically useful concen- 
tration parameter. Much as glycosylated hemoglobin 
reflects the general history of glucose concentrations in 
a diabetic patient, DEA concentrations reflect the gen- 
eral intake of amiodarone rather than any acute effects 
of missed doses or temporary fluctuations in the bio- 
availability of the parent drug. The relation of clinical 
efficacy to DEA concentrations has only recently been 
investigated, however.!! 

The differences in the ECso for the 3 concentration- 
response curves may offer a general way of estimating 
the serum concentrations of the drug. The maximum 
responses in heart rate, corneal microdeposits and cor- 
rected QT interval would be expected to occur in a suc- 
cession of relatively small concentration intervals as 
amiodarone and DEA accumulate to low, medium and 
higher serum concentrations, respectively. Monitoring 
heart rate and corrected QT interval requires only an 
electrocardiogram. Grading of corneal microdeposits, 
which are easily observable with a slit lamp, can be. 
done in a matter of minutes by an experienced physi- 
cian without necessitating a full ophthalmologic exami- 
nation. Changes in these pharmacodynamic parameters 
offer a clinical indication of the body burden of amioda- 

“rone and its metabolites and may prove to correlate well 

-with efficacy and toxicity. Patients with no prolongation 

of corrected QT interval and no corneal microdeposits 
are likely to have very low serum DEA and amiodarone 
concentrations and may not be adequately treated. 

Further prospective studies will be necessary to de- 
fine the utility of monitoring the progression of clinical 
parameters and the kinetic profiles of amiodarone and 
DEA as an aid to predicting therapeutic response and 
adverse effects. A study long enough to permit the cor- 
relation of multiple steady-state concentrations of DEA 
with effects will provide the opportunity to determine if 

these effects are related merely to the duration of treat- 
ment or if they result from the accumulation of drug 
nd m etabolite i in the system. | 
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At the time of lett ventricular aneurysm resection, 
arrhythmic operations or other open-heart op- 
ive | ro i , 





hes may be inserted. Insertion of the energy 

‘ce may be delayed due to its unavailability or 
desire for postoperative electrophysiologic 

udy before its insertion. To assess the effects of 
rmanent internal defibrillator patches on external 
defibrillation, 7 anesthetized calves were studied. 

- — Fibrillation-defibrillation studies were performed 
-= before and after insertion of permanent internal de- 
-o fibrillator patches (model L67, 27 cm?, Intec Sys- 

-< tems), one on each ventricle. The values of percent 
- successful defibrillation obtained before insertion of 
the patches, although much lower than values that 
would be expected in humans, are consistent with 
the results of an extensive earlier study involving 
this calf model. Similar values obtained after inser- 
tion of the patches are appreciably lower than the 
values obtained before implantation of the patches, 
and appreciably lower than the results predicted by 
the earlier study. A significant decrease in the per- 
cent of successful defibrillations (p <0.001) was 
observed for a shock intensity of approximately 
-o 400 J. Permanent internal cardiac defibrillator 
_. patches on the right and left ventricles reduce the 
probability of achieving successful defibrillation 
externally with unidirectional shocks. The wisdom 
-~ > of implanting permanent large internal cardiac 
a defibrillator patches without the energy source is 
o (Am J Cardiol 1989;64:1144-1147) 
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implantable cardioverter defibrillator in 1980,! sev- 

eral thousand such devices have been implanted. 
Follow-up evaluation indicates its effectiveness.2-4 At 
the time of open-heart surgery for left ventricular aneu- 
rysmectomy, antiarrhythmic operations or other cardiac 
operative procedures, patients with potentially lethal 
ventricular dysrhythmias may have permanent ventricu- 
lar defibrillator patches placed on their ventricles in an- 
ticipation of inserting a permanent generator at a later 
time. Delay may be due to unavailability of the energy 
source or desire for postoperative electrophysiologic 
studies before final decision to insert a permanent ener- 
gy source. 

Different configurations of electrodes can be used, 
including a single apical ventricular patch combined 
with transvenous electrode, or 1 electrode patch on each 
ventricle, A large patch (L67, 27 cm?, Intec Systems) is 
thought to be more efficient due to greater surface area 
of the myocardium in contact with the electrode, al- 
though electrode patches half that size are available. 
Our clinical experience during the investigational period 
caused us to suspect that internal cardiac defibrillator 
patches can hinder external (transthoracic) cardiac de- 
fibrillation. To assess any adverse effect of permanent 
cardiac internal defibrillator patches on external defi- 
brillation, we used a well-established calf fibrillation- 
defibrillation model.> 


. ) ince the first human implant of an automatic 


METHODS 
Seven calves weighing 83 to 109 kg were anesthe- 
tized by injecting 110 mg/kg glyceryl guaiacolate and 
4.4 mg/kg thiopental sodium in 5% dextrose in the ex- 
ternal jugular vein. The animals were intubated and 
maintained on controlled ventilation in a closed system 
with methoxyflurane in 50% nitrous oxide and 50% Oxy- 
gen following low-dose guidelines with automatic assist- 
ed ventilation. Stainless steel electrodes (10.3 cm in di- 
ameter) were covered with Redux paste and held on the 
anterior portion of the chest by rubber straps. The left 
electrode was over the apex of the heart, and the right 
electrode was to the right of mid-line and higher on the 
chest, with the animal in right lateral recumbency. 

The programmable research defibrillator used in this 
study has been described elsewhere. It contains a sinus- 
oidal voltage source of adjustable amplitude and dura- 
tion for inducing fibrillation and 3 pulse generators. _ 
Each of the pulse generators is able to supply unidirec- 
tional rectangular or trapezoidal aveforms similar to A 
those supplied bys some © commer! availa 









ators. In addition to the unidirectional pulses that can 
t ye furnished by the individual generators, either of the 2 
generators that supply positive-going pulses may be cou- 
pled with the negative pulse generator to furnish sym- 
metric or asymmetric bidirectional waveforms. A Tek- 
tronix model 5113 dual-beam storage oscilloscope was 
used to display current and voltage waveforms of the 
shocks being evaluated. 

The animals were fibrillated transthoracically with a 
i-second, 5-amperes alternating current shock. Thirty 
seconds later, defibrillation was attempted with a unidi- 
rectional current shock. If defibrillation did not occur as 
a result of the initial attempt, either 1 additional unidi- 
rectional shock within the range of interest was applied, 
or a bidirectional backup shock of quite high effective- 
ness® was promptly used to defibrillate and rescue the 
animal. Not more than 15 additional seconds of fibrilla- 
tion elapsed before this second defibrillation attempt. 
Any additional defibrillation attempts (when required) 
were usually bidirectional shocks and were never count- 
ed in the study. Energy levels associated with each of 
the unidirectional and bidirectional shocks were calcu- 
lated from the oscilloscope display of the current and 
voltage waveforms. A 5-minute recovery period was al- 
lowed and the fibrillation-defibrillation sequence was 
ordinarily repeated several times. 

A left thoracotomy was then performed and a per- 
manent internal defibrillator patch was placed on each 
ventricle and sutured securely to the epicardium with 
multiple 5-0 polypropelene sutures (Figure 1). The 
chest was closed after the leads were tunneled out of the 
chest and capped, and similar defibrillation levels, as 
well as much higher levels, were examined. At the ter- 
mination of a session, whether by death during the pro- 
cedure or by elective sacrifice, the hearts of the animals 
were excised and weighed. 


RESULTS 

It is popular in clinical studies to indicate shock in- 
tensity by the delivered energy, as clinically available 
defibrillators are calibrated in units of nominally “deliv- 
ered energy.” However, in basic cardiac defibrillation 
research, where a variety of electrical waveforms are 
studied, the delivered current as a function of time is the 
most informative descriptor of shock intensity. For this 
reason, the shock intensities used in this study will be 
presented as values of delivered current (in amperes) 
with the pulse duration specified. All defibrillatory 
shocks included in this study were unidirectional rectan- 
gular waveforms; therefore the waveform is completely 
described by the delivered current and pulse duration. 
Current amplitudes for preimplantation shocks were 
chosen from a previous study’ to produce points on the 
curve with approximately 50 and 80% success, respec- 
tively. Thus, although these shocks were purposely cho- 
sen to achieve significantly <100% success, the ability 
to assess changes in success rates was optimized. 
- Delivered energy values can be calculated for each 
‘shock from the formula: energy = current? X resistance 
ime, \ with the knowledge that the average chest resis- 
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tance for this experimental model is approxiniately 20 
ohms. For example, a 50 amperes, 4-ms shock deli 
an average of 200 J, and a 50 amperes, 8-ms shoc é 
livers an average of 400 J. | 
The data obtained before implantation of the p 
es can be divided into 2 categories, with pulse dur: 
of 4 ms and 8 ms. The mean delivered current + 
dard deviation for all 4-ms shocks (n = 21) was 46. 
5.23 amperes, with a success rate of 47.6%. The me: 
delivered current + standard deviation for all 8-ms 
shocks (n = 11) was 50.1 + 3.78 amperes, and exhib- 
ited a success rate of 81.8%. These data can be com- 
pared with the data of a comprehensive study involving 
this same experimental animal model and waveform.’ 
The data from this earlier study that are relevant to the 
present discussion are shown in Figures 2 and 3. In Fig 
ure 2, the solid line represents the results of fixing th 
pulse duration at 4 ms and varying the current ampli 
tude. Each point on this curve represents 120 fibrilla 
tion-defibrillation episodes in =6 calves. This curve is 
representative of the results expected from the general 
population of 100 kg calves. Likewise, the solid line of 
Figure 2 represents the 8-ms data from this previous : 
study. Sa 
The open circle point in Figure 2 represents the 
preimplantation data for 4-ms shocks (n = 21). The > 
47.6% success rate in the present study compares favor- 
ably with the 51.7% success rate predicted by the earlier 
study. The open circle point in Figure 3 represents the 
preimplantation data for 8-ms shocks (n = 11). Once 


FIGURE 1. Permanent defibrillator patches (Intec type L67, 
27 cm?) on right and left ventricles of calves. ao s 







udy compares favorably with the 81.7% success rate 
predicted by the earlier study. Although the calf weight 
< Tange was expanded in the present study and the experi- 
` mental procedures were somewhat different, the data 
from the present study are consistent with the earlier 
Study. 

After implantation of the defibrillator patches, defi- 
rillation was again attempted with 4-ms shocks (n = 

) with a mean delivered current + standard deviation 
f 50.4 + 3.5 amperes. Of these, only 1 shock was suc- 
cessful i in achieving defibrillation, for a success rate of 
1%. This is shown as the squared point in Figure 2. 
ikewise, defibrillation was attempted using 8-ms 
hocks of approximately the same intensity as those 
sed before implantation of the patches. These shocks 
n = 16) had a mean delivered current + standard devi- 


uccessful, for a success rate of 0%. This is shown as the 
juared point to the lower left in Figure 3. 
- Due to the inability to defibrillate with this shock 
intensity, defibrillation was attempted with higher in- 
tensity shocks. A mean current amplitude of 66.9 + 
4.36 amperes (n = 10) resulted in 3 successful defibril- 
: ations. (30% success), and a mean current amplitude of 
87.4 + 6.97 amperes (n = 7) resulted in 2 successful 
~- defibrillations (28.6% success). These data are also 
<- shown in Figure 3 as squared points. 
Statistical analysis: Chi-square analysis, with Yates 
correction for small sample sizes, was used to analyze 
the results obtained from before and after patch implan- 
_tation. This analysis showed that the results obtained 
with the 4-ms shocks were not significantly different at 
the p = 0.05 level of significance. The 8-ms shocks with 
mean current 52.0 amperes, when compared with the 
=> preimplantation data, are highly significantly different 
== (p <0.001). 


+ 










© Pre-implantation 
& Post-implantation 












60 100 
Pulse Current (Amperes) 






preimpl tera ion data; andar shows postimplantation 
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tion of 52.0 + 2.35 amperes, and of these none were | 


Percent Successful Defibrillation 
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Although experimental defibrillation results must be : 
extrapolated from 1 species to another with consider- 
able caution, this limited study in calves was undertaken = 
with the expectation that it would yield some insight as - 
to whether the implantation of large ventricular elec- — 
trode patches limits the ability to achieve external — 
(transthoracic) defibrillation in human patients. For the _ 
usual anterior position of external electrodes, the calf . 
model reasonably simulates the human situation and | 
our data have possible implications for human patients. — 
A well-documented characteristic of this model is that it 
is more difficult to achieve successful defibrillation with . 
the calf than with other models, such as the dog or hu- 
man.”?-!! Therefore, our shock intensities are much 
higher than those ordinarily observed in humans, but 
are consistent with those required with this experimen- 
tal model. 

We interpret the data to indicate an appreciable de- 
crease in the probability of achieving successful defibril- 


lation transthoracically when permanent large internal 


defibrillator electrode patches are implanted. The data 
at 4 ms were not significantly different (p = 0.05), but 
we believe a larger sample size would demonstrate that 
the 1 success we observed was in reality an extremely 
rare event. The data at 8 ms were highly significantly 
different before and after implantation (p <0.001). This 
demonstrates that the implantation of the large internal 
patch electrodes has seriously compromised the ability 
to defibrillate the animal with an external (transtho- 
racic) defibrillator. The other data points obtained after 
implantation with a mean current of 66.9 amperes, and 
with a mean current of 87.4 amperes, do not have corre- 
sponding preimplantation data to allow direct compari- 
son. However, the data points show an appreciably low- 
er success rate than would be predicted by the earlier 
study.’ 
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FIGURE 3. Solid line shows data from a study by Gold et af” f 
ra a e a a a ery 

rent amplitude for 8-ms rec | far wave shocks. Open circie 
data for 8-ms shocks. T Error bare represent = 1 standard 
deviation. 















































termin ‘whether this decreased success rate was 
je to the implanted patches alone, or whether there 
vas also a contribution of the implantation surgery. 
four additional calves were studied, wherein the sur- 
ery was performed, but no patches were implanted. 
“hese calves also showed a decreased percent success 
ate for defibrillation, although the decrease was small- 
r in magnitude than that seen with the implanted 
iatches. We were thus unable in this study to separate 
he detrimental effects of the surgery alone from the 
ombined effects of the surgery and the implanted 
iatches. What is clear from this study is that surgery 
vith implantation of patches has a deleterious effect on 
xternal defibrillation. 

The cause for the increased external energy require- 
nents to defibrillate hearts with permanent ventricular 
atches in place may be due to an isolating effect of the 
nsulating portions of the patches, or the shunting of 
urrent through the conducting portions of the patches 
ather than allowing it to pass through the myocardium. 
Moving the external electrodes to a different orientation 
such as anterior-posterior, in humans) may minimize 1 
ffect, but at the risk of accentuating the other. Ana- 
omic differences between calves and humans (specifi- 
ally the much longer anterior-posterior axis length in 
alves) made the examination of alternate exterior elec- 
rode orientations in this model unrealistic. Thus, we are 
eft with neither experimental support for, nor refuta- 
ion of, the proposition that the deleterious effects of the 
yatches can be appreciably negated by using the anteri- 
r-posterior electrode orientation. 

Patients at high risk for lethal dysrhythmias who are 
reated: by left ventricular aneurysmectomy or antiar- 
‘hythmic operations, or who have other open-heart sur- 
sical procedures may be eligible for placement of per- 
nanent ventricular defibrillation patches. Although ide- 
illy the need for a permanent generator should be es- 
tablished postoperatively by electrophysiologic studies 
sefore inserting the generator, this practice should be 
liscouraged when using large patches, because defibril- 
ation by external electrodes may be unsuccessful. Com- 


performing this ae we , attempted - u of transvenous. a epicardial i 














































smaller patches may be used as an ‘alternative: 
the ability for transthoracic defibrillation with 
electrodes in place must also be assessed before asst 
the safety of their use without an energy sour > 
nected to them. RU 
We question the wisdom of implanting pe rm 
large internal cardiac defibrillator patches witho 
energy source. Inserting large defibrillator patche 
both ventricles and waiting for later generator pla a 
ment may increase the risk for patients should the need 
for external (transthoracic) defibrillation occur. Devel- 
opment of an external extender lead to connect to a 
temporary external generator source for back-up defi- 
brillation may be a satisfactory alternative when the i im- 
plantation of the generator is delayed. 
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The results of 206 programmed ventricular stimu- 
lation studies performed in 130 patients (100 men 
and 30 women, mean age 62 + 12 years, + stan- 
lard deviation) were examined prospectively to de- 
ermine the sequelae of nonsustained polymorphic 
-ventricular tachycardia (VT) induced during pro- 
grammed ventricular stimulation. The clinical indi- 
cation for the electrophysiologic study was either 
= _ documented monomorphic VT or unexplained syn- 
cope. The pacing protocol included 2 right ventricu- 
lar pacing sites, 2 basic drive cycle lengths and up 
to 3 extrastimuli. In 111 studies, nonsustained 
polymorphic VT was induced and with continuation 
Of the programmed stimulation protocol, sustained 
<: monomorphic VT was induced in 48 studies (43%) 
- and polymorphic VT was induced in 13 studies 
(12%). Overall, sustained monomorphic VT was in- 
duced in 110 studies and sustained polymorphic 
_» VT in 18 studies. The incidence of nonsustained 
` polymorphic VT preceding the induction of sus- 
~- tained polymorphic VT was significantly greater 
than the incidence of nonsustained polymorphic VT 
gprs the induction of sustained monomorphic 
VT (72 vs 44%, p <0.05). Nonsustained polymor- 
phic VT is not a useful predictor of the outcome of 
programmed ventricular stimulation. The use of 
nonsustained polymorphic VT as an endpoint for 
stimulation would be likely to improve the specific- 
ity of programmed ventricular stimulation by limit- 
-< ing the induction of sustained nonclinical arrhyth- 
= mias that require countershock, but at the cost of 
Significantly impairing the yield of monomorphic 
zs (Am J Cardiol 1989;64:1148-1151) 
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fibrillation or cardiac arrest, polymorphic ventricu- 

lar tachycardia (VT) or ventricular fibrillation in- 
duced by programmed ventricular stimulation may of- 
ten be laboratory artifacts that do not have clinical sig- 
nificance.'!-? Direct current countershock is needed to 
terminate these arrhythmias if they are sustained, and 
therefore it is desirable to avoid their induction. Limit- 
ing the number of extrastimuli to 2 would significantly 
reduce the incidence of nonclinical arrhythmias dur- 
ing programmed ventricular stimulation; however, this 
would have the undesirable effect of also reducing the 
yield of clinically important VT.46 

We have observed that the induction of sustained 
polymorphic VT and ventricular fibrillation during pro- 
grammed ventricular stimulation is often preceded by 
the induction of nonsustained polymorphic VT. There- 
fore, it might be possible to avoid the induction of sus- 
tained polymorphic VT or ventricular fibrillation by 
moving to the next step in the stimulation protocol once 
nonsustained polymorphic VT is induced. However, it is 
unclear whether this practice would also limit the induc- 
tion of clinical forms of VT. Therefore, the present pro- 
spective study was designed to determine the eventual 
outcome of programmed ventricular stimulation once 
nonsustained polymorphic VT is induced, and how often 
the induction of clinical VT and sustained nonclinical 
forms of VT/ventricular fibrillation is preceded by the 
induction of nonsustained polymorphic VT. 


METHODS 

Characteristics of subjects: Table I lists the clinical 
characteristics of the subjects in this prospective study. 
There were 130 patients (100 men and 30 women) with 
a mean age of 62 + 12 years (+ standard deviation). 
These patients underwent electrophysiologic testing be- 
cause of a history of either documented monomorphic 
VT or unexplained syncope. Because of the uncertain 
significance of sustained polymorphic VT and ventric- 
ular fibrillation initiated by programmed ventricular 
stimulation in patients without a history of cardiac ar- 
rest or spontaneous ventricular fibrillation, patients un- 
dergoing an electrophysiologic study for either of these 
2 indications were not included in the present study. In 
76 patients, the left ventricular ejection fraction was de- 
termined either by multigated radionuclide or contrast — 
ventriculography, >= 

Antiarrhythmic therapy e One. hundred fourteen 
studies were performed i ‘ol r all ; 


I: patients who do not have a history of ventricular 














g treated with antiarrhythmic medications, af- 
iduction of sustained monomorphic VT in a control 
tudy. Drug studies with type I antiarrhythmic medica- 
tions were performed after the patient had received 25 
doses of the agent. Drug studies with amiodarone were 
performed after a loading dose of 1,200 mg/day for 2 
weeks. 

_ Programmed ventricular stimulation study: Electro- 
physiologic studies were performed in the postabsorp- 
tive, nonsedated state after informed consent was ob- 
tained. Two 6Fr quadripolar electrode catheters were 
inserted percutaneously into a femoral vein and posi- 
tioned against the right ventricular apex and outflow 
tract or septum under fluoroscopic guidance. Leads Vj, 
[ and HI and the intracardiac electrocardiograms were 
recorded on a Siemens Elema Mingograf 7 recorder at 
a paper speed of 25 mm/s. If monomorphic VT was 
induced, a 12-lead electrocardiogram was recorded 
whenever possible. Stimulation was performed with a 
programmable stimulator (Bloom Associates) using 
stimuli that were twice diastolic threshold and 2 ms in 
duration. 

The details of the stimulation protocol have been de- 
scribed previously.’ In brief, 1 and 2 extrastimuli were 
delivered at the right ventricular apex and outflow tract 
or septum at basic drive cycle lengths of 600 and 400 
ms. If sustained VT was not induced, a third extrastim- 
ulus was added and programmed stimulation was re- 
peated at both sites. The coupling intervals of the extra- 
stimuli were limited to 180 ms because a previous study 
demonstrated that restriction of the coupling intervals 
of the extrastimuli to 180 ms reduces the incidence of 
nonclinical forms of VT without compromising the yield 
of clinically significant VT.’ 

The endpoint of the stimulation protocol was either 
the induction of sustained VT or ventricular fibrillation 
or completion of the pacing protocol. Sustained VT was 
defined as VT that lasted >30 seconds in duration or 
required termination because of hemodynamic compro- 
mise. Nonsustained VT was defined as VT that lasted 3 
beats to 30 seconds. Polymorphic VT was defined as VT 
that showed a beat-to-beat variation in QRS morpholo- 
gy. When multiple episodes of nonsustained polymor- 
phic VT were induced at a particular step of the stimu- 
lation protocol, only the longest episode of nonsustained 
VT was noted for analysis. 

Analysis of data: Data are expressed as mean + 
standard deviation. The statistical analyses were per- 
formed using either a chi-square analysis or a Student 7 
test. A p value <0.05 was considered statistically signif- 
icant. 





RESULTS 

Sequelae of induced nonsustained polymorphic ven- 
tricular tachycardia: Nonsustained polymorphic VT 
was induced in 111 of 206 studies (54%). With continu- 
ation of the pacing protocol, the sequelae of these 111 
studies consisted of induction of sustained monomorphic 








8. studies (43%), sustained polymorphic VT in 
2%) and r o sustained VTi in n the remaining. 
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TABLE i Patient Characteristics 





















Sex: M/F 

Age (yrs, mean + standard deviation) 

Underlying heart disease 
Coronary artery disease 88 
Vaivular heart disease 10 
Dilated cardiomyopathy 7 
Systemic hypertension 5 
None 20 


indication for electrophysiologic study 
Documented monomorphic ventricular tachycardia 
Unexplained syncope 





TABLE lf Number of Studies in Which 1, 2 and 3 Extrastimuli 
Were Used to induce Sustained Ventricular Tachycardia and — 
Nonsustained Polymorphic Ventricular Tachycardia 















































Nonsustained - : 


No. Sustained Sustained 
of Monomorphic Polymorphic Polymorphic. 
Extrastimuli VT VT VT ae 





VT = ventricular tachycardia. 


In 95 studies, nonsustained polymorphic VT was not 
induced. The outcome of these studies was sustained 
monomorphic VT in 62 studies (65%), sustained poly- 
morphic VT in 5 studies (6%) and no sustained VT in- 
the remaining 28 studies (29%). The incidence of these 
outcomes was not significantly different than in studies .- 
in which nonsustained polymorphic VT was induced. ` 
Incidence of nonsustained polymorphic ventricular _ 
tachycardia induced before the induction of sustained | 
ventricular tachycardia: Sustained monomorphic VT. 
was induced in 110 of 206 studies, and 48 of 110 (44%) 
were preceded by the induction of nonsustained poly- . 
morphic VT. Sustained polymorphic VT was induced in > 
18 of 206 studies, and 13 of 18 (72%) were preceded by -= 
the induction of nonsustained polymorphic VT. The in- 
cidence of nonsustained polymorphic VT preceding the — 
induction of sustained polymorphic VT was significant- 
ly greater than the incidence preceding the induction of - 
sustained monomorphic VT (p <0.05). : 
The number of studies in which single, double and 
triple extrastimuli were used to induce sustained and — 
nonsustained VT is listed in Table II. ae 
Duration and cycle length of induced nonsustained i 
polymorphic ventricular tachycardia before the induc- 
tion of sustained ventricular tachycardia: There was no 
correlation between the duration of the induced nonsus- 
tained polymorphic VT and the type of sustained VT 
subsequently induced. The maximal duration of nonsus- 
tained polymorphic VT preceding the induction of sus- 
tained monomorphic VT was 8 + 9 beats, compared to 
14 + 13 beats when preceding the induction of sus 
tained polymorphic VT (difference not significant). 
The mean cycle length of the induced ROSE 
polymorphic VT preceding the induction of sustained 
polymorphic VT was shorter than that preceding th 
induction of sustained en Mee a +4 
313 + 70 ms, p <0. 05). be 














í nduction of Sustained and Nonsustained VTi in | 
) 14 Control and 92 Follow-Up Drug Studies 










Nonsustained 
Polymorphic 
VT 


Sustained 
Monornorphic 


Sustained 
Polymorphic 
VT 
13 (11) 38 (33) 

5 (5) 72 (78) 
NS p <0.001 


: ies diterence not significant; YT = ventricular tachycardia. 


~ “Induction of nonsustained monomorphic ventricular 
tachycardia before the induction of sustained mono- 
- ic ventricular tachycardia: In 58 of 206 studies, 
“nonsustained monomorphic VT was induced during pro- 
-grammed ventricular stimulation. Thirty-nine (67%) 
were followed by the induction of sustained monomor- 
phic VT and only 10 (17%) of these 39 nonsustained 
~VTs had a morphology and cycle length similar to the 
-sustained VT subsequently induced. The mean duration 
-of these nonsustained monomorphic VTs was 16 + 17 
beats (range 3 to 58 beats). 
Cycle length of sustained monomorphic ventricular 
_ tachycardia and the induction of nonsustained poly- 
morphic ventricular tachycardia: The mean cycle 
~~ length of the 48 sustained monomorphic VTs that were 
=. preceded by the induction of nonsustained episodes of 
=, polymorphic VT was 303 + 73 ms (range 220 to 490 
ms). The mean cycle length was 358 + 84 ms (range 
220 to 595 ms) for the 62 monomorphic VTs whose 
induction was not preceded by nonsustained polymor- 
phic VT (difference not significant). 
Left ventricular function and the induction of sus- 
tained polymorphic ventricular tachycardia: The left 
. ventricular ejection fraction was measured in 76 pa- 
tients who had a total of 127 studies. In patients who 
~~. had a left ventricular ejection fraction >40%, sustained 
. . polymorphic VT was induced in 1 of 33 studies (3%). In 
patients who had a left ventricular ejection fraction 
 €40%, sustained polymorphic VT was induced in 6 of 
` 94 studies (6%). There was no significant difference in 
the incidence of sustained polymorphic VT between 
~ these 2 groups of patients. 
-. Comparison of control and drug studies: A compar- 
_._ ison of the control and drug follow-up studies demon- 
strated no significant differences in the incidence of sus- 
tained polymorphic VT (11% of drug follow-up vs 5% of 
_ control, difference not significant) during programmed 
< ventricular stimulation (Table III). There was a higher 
< incidence of sustained monomorphic VT (78 vs 33% of 
control, p <0.001) and a lower incidence of nonsus- 
tained polymorphic VT (45 vs 61% of control, p <0.05) 
in drug follow-up studies. 








70 (61) 
41 (45) 
p <0.025 


Control (%) 
| Drug follow-up (%) 

























































*redicti e value of nonsustained polymorphic ven- 
cular tachycardia during programmed ventricular 
imu ation: The results of this study demonstrate that a 
sporty ( 7 of nonclinical sustained Hea e 


k pieccided yi the induction of nonsustained polymorpl ) 


VT. It is therefore possible that the induction of a large F 
percentage of sustained nonclinical VTs could be avoid- : 
ed if stimulation at a particular step of the stimulation i 
protocol was discontinued on induction of nonsustained — 
polymorphic VT. However, >40% of clinically impor- ! 
tant monomorphic VTs were also preceded by the in- | 
duction of nonsustained polymorphic VT. Therefore, — 
the use of nonsustained polymorphic VT as an endpoint | 
for stimulation at a particular step of a programmed 
stimulation protocol would be likely to improve the 
specificity of programmed ventricular stimulation, but 
at the cost of significantly impairing the yield of mono- 
morphic VT. ; 
The mean duration of the nonsustained polymorphic 
VT that preceded the induction of sustained polymor- 
phic VT and sustained monomorphic VT did not differ 
significantly. Although the mean cycle length of in- 
duced nonsustained polymorphic VT was shorter in 
studies in which sustained polymorphic VT was subse- 
quently induced than in those in which sustained mono- 
morphic VT was subsequently induced, there was much 


overlap in the range of cycle lengths and a critical cycle 


length, below which only the induction of nonclinical 
VT/ventricular fibrillation was likely to occur, could 
not be indentified. Therefore, there are no characteris- 
tics of nonsustained polymorphic VT that are helpful in 
improving its value as a predictor of sustained polymor- 
phic VT. In addition, neither the cycle length of the 
patient’s clinical VT nor the left ventricular ejection 
fraction influences the predictive value of nonsustained 
polymorphic VT. 

Configuration of nonsustained monomorphic ven- 
tricular tachycardia: In this study, <20% of induced 
nonsustained monomorphic VTs were similar to config- 
uration to the sustained monomorphic VTs later in- 
duced. Therefore, nonsustained monomorphic VT in- 
duced during programmed stimulation is not an accu- 
rate predictor of the type of sustained monomorphic VT 
that may be subsequently induced. 

Subjects studied: Our subjects were limited to pa- 
tients who had either a documented history of unimor- 
phic VT or unexplained syncope. Because none of the 
patients studied had a history of sustained polymorphic 
VT requiring countershock, it could be concluded that 
sustained polymorphic VT induced by programmed 
ventricular stimulation in these patients was most likely 
a “nonclinical” arrhythmia. Furthermore, in patients 
with unexplained syncope, the results of previous studies 
have demonstrated that monomorphic VT induced by — 
programmed ventricular stimulation is a clinically im- 
portant arrhythmia, whereas polymorphic VT induced 
during programmed ventricular stimulation does not 
have clinical significance.*? Therefore, the inclusion of 
only patients who had a documented history of mono- 
morphic VT or unexplained syncope allowed us to reli- _ 
a role induced pa fa. as clinical or nonclini- e, 





















































esults of programmed ventricular stimulation 
highly dependent on the population of patients un- 
gol g electrophysiologic testing. It should therefore 
be noted that the sequelae of nonsustained polymorphic 
VT reported in the present study might not be applica- 
ble in groups of patients that differ in composition from 
the subjects of the present study. For example, the yield 
sustained monomorphic VT would be expected to be 
r in patients who did not have a history of VT than 
patients with a documented history of VT. 
Limitations: Forty-five percent of the electrophysio- 
logic studies were performed in the presence of antiar- 
























rhythmic therapy. These cases represent a subgroup of | 
patients who were more likely to have inducible mono- 


morphic VT when undergoing repeat electrophysiologic 
testing. A potential bias may have been introduced into 
the results, as data from >1 study were collected in 


< Clinical implications: During. programmed ventricu- 





Jar stimulation, it is desirable to avoid the induction of 
‘sustained nonclinical forms of polymorphic VT that re- 
juire cardioversion. Although the induction of nonsus- 
tained polymorphic VT may be a harbinger of sustained 


tep of the stimulation protocol, the results of this study 


‘indicate that discontinuation of stimulation may signifi- 
cantly diminish the yield of clinical forms of monomor- 
phic VT, at least in patients who are undergoing elec- 
trophysiologic testing because of a history of mono- 
-morphic VT or unexplained syncope. Therefore, pro- 
‘grammed stimulation should be continued if nonsus- 





i tained polymorphic | VT is induced. If the: 


polymorphic VT if stimulation is continued at the same 










taine couplin 
vals are limited to 180 ms, sustained monomorpl 
will be a sequelae of nonsustained polymorphic 
much more commonly than will be sustained polyn 
phic VT. es 
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mias, plasma catecholamines, potassium and mag- 

nesium in patients with systemic hypertension was 

assessed. Twenty patients (age 54 + 8 years) with 
uncomplicated hypertension underwent exercise 

treadmill testing twice while receiving placebo and 
daily. Blood samples for electrolytes and catechol- 
amines were obtained at rest, at peak exercise and 

-10 minutes after exercise. There were no substan- 

tial differences comparing the first to the second 

-placebo phase or the first to the second treatment 
period. As expected, hydrochlorothiazide treatment 

Caused a significant decrease in serum potassium 
. (4,00 + 0.44 to 3.32 + 0.49 mEq/lter, p <0.001). 

Serum magnesium did not change with treatment. 
Serum potassium, serum magnesium and plasma 
catecholamines increased significantly with exer- 
cise. No rebound hypokalemia occurred during re- 
covery. Occasional ventricular premature contrac- 

_ tions were noted at rest during all phases of the 
‘study, with only a slight increase in frequency dur- 
ing exercise. Couplets were noted only rarely. No 
difference in the frequency or complexity of ar- 
rhythmias was noted between placebo and treat- 

_ ment periods. Diuretic therapy or diuretic-induced 

-hypokalemia has no profound effect on cardiac ar- 

= o rhythmias during or after exercise in patients with 

-= uncomplicated systemic hypertension. 
rs (Am J Cardiol 1989;64:1152-1 156) 
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the management of systemic hypertension for 

many years. Their efficacy, low cost and good 
tolerability are virtues that have stood the test of time. 
In recent years questions have been raised about their 
safety’ and numerous studies have been published2~4 
addressing their potential adverse reactions. Most of the 
large scale, long-term trials in hypertension using diu- 
retic-based regimens failed to demonstrate a significant 
decrease in coronary artery disease events, 1-56 Although 
several factors have been implicated to explain this ob- 
servation,’ a much discussed proposition is that adverse 
effects of diuretics, primarily hypokalemia or hypomag- 
nesemia, might have blunted any beneficial effects ex- 
pected from hypertension control. 

Using ambulatory electrocardiographic monitoring, 
some studies® indicated a potential increase in cardi- 
ac arrhythmias with diuretic use, but the majority?! 
could not demonstrate any arrhythmogenicity, and the 
issue has been put to rest.!2 Another aspect of this prob- 
lem, however, that has recently been discussed is that 
diuretic-induced hypokalemia and hypomagnesemia!3.!4 
may aggravate arrhythmias during exercise. Given the 
great number of hypertensive patients engaging in aero- 
bic exercise (frequently as an adjunct to hypertension 
control), the issue of exercise-induced arrhythmias as- 
sumes great importance. 

It has been known for several years that epinephrine 
infusion to levels naturally occurring under stress results 
in a marked shift of potassium and magnesium intracel- 
lularly.'>!6 It has also been demonstrated that diuretic- 
treated patients have an exaggerated response to epi- 
nephrine infusion.!’ It is, therefore, important that the 
effect of exercise and exercise-induced catecholamine 
increase should be systematically studied in patients 
with systemic hypertension. We examined the effect of 
aerobic exercise on ventricular arrhythmias in patients 
with uncomplicated systemic hypertension before and 
after diuretic therapy, and the effects of aerobic exer- 
cise on plasma catecholamines, potassium and magne- 
sium in these patients. | 


D luretics have been used as first line agents in 


METHODS | ee 
Twenty-five patients with essential hypertension 
were recruited. Patients with a history of myocardial _ 
infarction, angina pectoris, congestive heart failure, sig- 
nificant renal or liver disease or who were unable to sign r 





a consent form were exclude 
nated from the. study” 
failure to adhere to 














20 patients. ‘completed the a All 20 patients 
l k with an average age of 54 + 8 years. 
= Sereening phase: For screening purposes, we ob- 
& tained a ‘complete history and physical examination, a 
| chest roentgenogram, an M-mode and 2-dimensional 
| echocardiogram, an electrocardiogram, a complete 
| blood count and blood chemistry studies in all consent- 
fing patients. 
| Study design: All antihypertensive medications were 
| discontinued on study entry and patients began a 3- 
| week placebo washout phase (Figure 1). At the end of 
| this initial placebo period all necessary data for the pro- 
| tocol were obtained and patients were randomized in a 
< double-blind fashion to receive either a second placebo 
| period or to a hydrochlorothiazide treatment of 50 mg 
| twice daily. The duration of this phase was 2 weeks, at 
| the end of which the same data as in phase 1 were ob- 
| tained. The patients were then crossed over to the oppo- 
| site treatment for 2 weeks (e.g., patients randomized to 
placebo crossed over to hydrochlorothiazide and vice 
versa). At the end of phase 3 the same data were ob- 
tained and patients entered an 8-week open-label hydro- 
chlorothiazide treatment phase. At the end of this peri- 
| od. the same studies were once again repeated. 

Data collection: All patients underwent exercise test- 
ing 4 times during the study; twice while receiving pla- 
cebo and twice while receiving hydrochlorothiazide. Ex- 
ercise was performed on a treadmill (Marquette Elec- 
tronics) using the Bruce protocol. The exercise test was 
terminated if symptoms or a systolic blood pressure 
>240 mm Hg occurred. Initially, patients were placed 
in the supine position and an angiocatheter was intro- 
duced in the antecubital vein for repeated blood sam- 
pling. Patients rested in a quiet room for 10 minutes 
while the electrocardiogram was continuously moni- 
tored. At the end of this period blood samples were 
obtained for electrolytes, and catecholamines (resting 
data). Patients were then exercised to maximum capaci- 
ty and immediately after a new set of blood samples 
were obtained (peak data). Finally, patients were left 
resting in the supine position for another 10 minutes 

| under electrocardiographic monitoring. At the end of 
| this period a third set of blood tests was obtained (post 
| data). Arrhythmias were recorded throughout the study 
| on hard copies and were quantitated by a blinded inves- 
| tigator. 


l FIGURE 1. Study protocol. AN patients ini- 
| PLACEBO 1 
a 


8 WEEKS 
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Blood samples for catecholamines were 
into iced lithium heparinized tubes, centrifug 
and stored at ~70°C. High performance liquid c} 
tography was used for catecholamine level dete 
tion. Statistical analysis of the results was perf 
using the 2-tail Student ¢ test for paired observ 
The study was approved by the Research and De 
ment Committee of the Veterans Administration N 
cal Center, Washington, DC. k 


RESULTS : 
At baseline, all patients studied had mild to TET 2 
ate hypertension, normal plasma potassium levels and- 
normal renal function. Fifteen patients had evidence of - 
left ventricular hypertrophy by echocardiography and 9- 
by electrocardiographic criteria. Table I lists rest ani 
exercise data for the 2 placebo and 2 treatment period: 
In general there were only minimal differences between 
the 2 placebo or between the 2 hydrochlorothiazide pe- 
riods. Only exercise time was significantly greater in the 
second placebo period compared to the first placebo pe 
riod (p <0.05). Similarly, exercise time was longer dur 
ing the second hydrochlorothiazide phase compared to. 
the first hydrochlorothiazide phase (p <0.05). In con > 
trast, all variables changed as expected with hydrochlo- = ==- 
rothiazide treatment: systolic and diastolic blood pres- = = = 0 
sure decreased significantly, whereas heart rate in- 
creased slightly. The double product at peak exercise 
(systolic blood pressure X heart rate) remained essen- 
tially the same in all 4 phases of the study. Blood pres- oe 
sure and heart rate, as expected, increased significantly — EES 
during exercise in all phases of the study. lee 
Serum potassium: Resting serum potassium was 
within normal limits during both placebo periods (Table 
II). Diuretic therapy, as expected, resulted in a signifi- 
cant decrease of serum potassium at 2 to 4 weeks of 
treatment. Potassium remained low, although ata high- © 
er level, at 8 to 10 weeks of diuretic treatment. Serum 
potassium increased with exercise in all 4 phases of the 
study but did not reach statistical significance during 
the first placebo period. Serum potassium returned = 
toward baseline at 10 minutes after exercise. The in- 
crease in exercise potassium was much greater during 
the diuretic phases compared to placebo (Table II). 
Serum magnesium: There were no significant differ- 
ences in resting magnesium levels between placebo and 


HOTZ 1 1. HOTZ. 1 


PLACEBO 2 | 2 PLACEBO 2 





Systolic blood pressure (mm Hg) 























Rest 155+ 20 
Peak 218 + 32 
Post 151+ 26 
Diastolic blood pressure (mm Hg) 
Rest 102+ 10 
Peak 11112 
a Post 101414 
/ Heart rate (beats/min) 
Rest 6449 
Peak 141419 
E After 76+9 
- Double product 
© Pek o 3144 
_ Exercise time (s) 406 +119 
“sp <0.05;' p <0.001; + p <0.01; all values compared to placebo 1. 
; HOTZ = hydrochlorothiazide. 


“TABLE ll Rest and Exercise Potassium and Magnesium 
Placebo 1 





~. Serum potassium (mEq /liter) 














Rest 4.00 + 0.44 
Peak 4.07 + 0.48 
Post 3.89 + 0.49 
Serum magnesium (mEq /liter) 
Rest 1.96 + 0.31? 
Peak 2.05 + 0.36 
Post 1.99 + 0.31 









* p <0.05; t p <0.01; oll la rest to peak values. 
HOTZ = = hydrochlorothiazide 






~ hydrochlorothiazide phases. However, a significant in- 
crease of serum magnesium was noted between resting 
and exercise values in all 4 phases of the study (Table 
: ID. 

_. Plasma catecholamines: As shown in Table III, 
‘resting levels of epinephrine and norepinephrine in- 
“creased slightly but significantly with diuretic therapy. 
-Exercise resulted, as expected, in a marked and statisti- 
cally significant increase in both epinephrine and nor- 
pinephrine levels. These values returned toward base- 
„line in the period after exercise. 

=o Ventricular arrhythmias: Occasional ventricular 
remature complexes were noted throughout the study 
Table IV). Resting values were similar in all 4 phases 
f the study. With exercise there was a slight increase in 
entricular premature complexes that reached statistical 
ignificance during the first placebo period. Comparing 
he hydrochlorothiazide to the placebo periods, there 
vas no difference in the incidence of premature ventric- 
ular complexes. Couplets occurred rarely and did not 
increase during the hydrochlorothiazide periods. 


: ‘Our major objective was to evaluate the impact of 
anes a therapy and 1 diniesie induced ee abnor- 


: TABLE! Rest and | Exercise Variables for Placebo and Treatment Periods 


a i ributor. 







Placebo 2 







148 + 17 136 + 15t 1344 13t 
218 +27 205 + 32% 206 + 36t 
146 +23 137 + 144 133 + 14 
100 +6 96 + 9* 92410 | 
107 +15 99 + 12% 101 + 12t 
100 £9 100415. 92 4114 
6749 71 +8 70411 
141418 144 + 16 143419 
7749 814.9% 85 + 20" 
3144 30 +5 29 +6 
428 + 115* 439 + 103¢ 


463 + 1021 







Placebo 2 





3.73 + 0.49 3.22 + 0.46 3.45 + 0.38 
4.10 + 0.54t 3.69 + 0.50t 3.84 + 0.46? 
3.94 + 0.51 3.46 +0.43 3.73 40.47 
2.01 + 0.33 2.07 + 0.38 2.06 + 0.38 
2.07 +0.35* 2.15 +0.40t 2.23 + 0.38t 
1.99 + 0.35 2.12 +0.35 


2.03 + 0.35 
































that can occur in this type of study, patients underwent 
exercise testing twice while receiving placebo and twice 
while receiving hydrochlorothiazide. Additional precau- 
tions included a double-blind, placebo-controlled phase. 
All arrhythmias were printed on hard copies and a 
titated by a blinded investigator. 

In this study ventricular arrhythmias were noted in- 
frequently and presented mostly as simple, unifocal ven- 
tricular premature complexes. Couplets were noted only 
rarely and no episodes of nonsustained or sustained ven- 
tricular tachycardia occurred. The incidence of ventric- 
ular premature complexes increased slightly with exer- 
cise, as expected. !8.19 

Our most important finding was the absence of any 
difference in ventricular ectopy at rest, during or after 
exercise between the placebo and the hydrochlorothia- 
zide phases. This was true although hydrochlorothiazide 
treatment resulted in a marked decrease in serum potas- 
sium. Even patients with the lowest levels of serum po- 
tassium (33.0 mEq/ liter) did not exhibit increased ec- 
topy during exercise. These results differ from the data 
published by Hollifield and Slaton,!3 who found a close - 
association between serum potassium and premature 
ventricular complexes during exercise. The reason for 
the discrepancy between the 2 studies is not clear, but : 
the lack of measures to exclude i investigator. bias in. the ss 
study of Hollifield and Slaton may be the majo 


















TABLE Ill Rest and Exercise Catecholamines 
Placebo 1 


Serum epinephrine (pg/ml) 
Rest 48+19 
Peak 106 + 54* 
Post 49 + 20 
Serum norepinephrine (pg/ml) 
Rest 301 + 158 
Peak 1,004 + 515* 
Post 389 + 273 


Placebo 2 


62 + 38t 
124 + 93*t 
66 + 28 


71444! 
140+ 71* 
82 + 40 


46 + 22 
115+ 61* 
60 + 26 


414+ 2121? 
1,241 + 587* 
439 + 141 


410+ 179} 
1,333 + 483* 
516 + 276 


350 + 207 
1,279 + 560* 
394+ 211 


* p <0.001 comparing rest to peak values; t p <0.05; * p <0.01 comparing HCTZ 1,2 to placebo 1. 


HCTZ = hydrochlorothiazide. 


TABLE IV Ventricular Arrhythmias 
Placebo 1 


PVCs /min 
Rest 0.09 + 0.26 
Exercise 0.30 + 0.42* 
Post 0.14 + 0.21 
Couplets /min 
Rest 0 
Exercise 0.02 + 0.08 
Post 0.01 + 0.02 


0.12 + 0.24 
0.18 + 0.33 
0.16 + 0.22 


Placebo 2 


0.12 + 0.24 
0.18 + 0.26 
0.16 + 0.24 


0.06 + 0.25 
0.22 + 0.42 
0.16 + 0.42 


0.01 + 0.02 0 
0.01 + 0.02 
0.01 + 0.02 0 


0 
0.11 + 0.4 0 
O 


* p <0.02, rest vs peak exercise values. All other comparisons did not reach statistical significance. 


HCTZ = hydrochlorothiazide. 


In a previous retrospective case-controlled study 
Bause et al!4 found no significant difference in exercise- 
induced arrhythmias between hypertensive patients with 
normal serum potassium and patients with low serum 
potassium, or between those receiving potassium supple- 
ments or potassium-sparing diuretics versus neither. 
They found a slight increase in premature ventricular 
complexes but not in complex arrhythmias in hyperten- 
sive patients compared to normotensive control subjects. 
However, recent data!* indicate that hypertension per se 
is associated with increased ventricular ectopy. 

A number of physiologic and biochemical changes 
occurring during exercise may predispose to increased 
arrhythmias and in susceptible patients may increase 
the risk of sudden death.!? These factors include in- 
creasing catecholamines, increasing oxygen demand, 
changes in pH and (potentially) electrolyte shifts. 

During vigorous exercise serum potassium tends to 
increase due to release from skeletal muscles.”° The re- 
lease of potassium appears to be proportional to the 
workload?! although the exercise hyperkalemia may be 
reduced by physical conditioning.”* On the other hand, 
increasing catecholamines during exercise tend to cause 
a decrease in serum potassium by causing an intracellu- 
lar shift, mediated by activation of the membrane 
bound sodium/potassium adenosine triphosphatase.” 
In our study both epinephrine and norepinephrine in- 
creased significantly with exercise and returned to near 
baseline levels at 10 minutes into recovery. Both resting 
and exercise catecholamines were higher during the hy- 
drochlorothiazide phases, probably due to sympathetic 
activation secondary to volume contraction. Neverthe- 
less, serum potassium increased significantly during ex- 





ercise and remained elevated for several minutes after 
exercise. Of note is that the larger increases in serum 
potassium during exercise occurred in the hypokalemic 
patients. No rebound hypokalemia was noted during 
this study. Such hypokalemia may occur due to persist- 
ing high levels of catecholamines,”* which were not ob- 
served in our study. 

Despite repeated claims that diuretic therapy may 
result in magnesium depletion,*>-?? we were unable to 
detect any change in serum magnesium in this study. A 
small but significant increase in serum magnesium was 
detected at peak exercise in all phases of the study. As 
was the case with serum potassium, changes in magne- 
sium levels were more pronounced during diuretic ther- 
apy. Magnesium depletion has been linked to increased 
ventricular arrhythmias?®*? primarily in patients with 
congestive heart failure. However, a review of published 
findings*° does not produce convincing evidence that 
magnesium depletion occurs in diuretic-treated patients 
with uncomplicated hypertension. 

Clinical significance: We have demonstrated that di- 
uretic therapy and diuretic-induced hypokalemia had no 
profound effect on the cardiac rhythm during or after 
exercise in patients with uncomplicated hypertension. 
Increasing catecholamines during exercise did not ag- 
gravate diuretic-induced hypokalemia during or after 
exercise. Thus, it appears to be safe for diuretic-treated 
hypertensive patients to engage in aerobic exercise. 


Acknowledgment: We greatly appreciate the assis- 
tance of Elizabeth Sethi in patient recruitment. 
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100-mg and 150-mg CAPSULES 


NORPACE CR iw. 


(disopyramide phosphate 
extended-release) 


© Few late-appearing side effects.’ 
Side effects are usually predict- 
able and manageable. 


o Low drug-related drop-out rate.’ 


e In one study, Norpace had the 
lowest incidence of aggravation 
of arrhythmia among marketed 
agents tested.’ 


© Safety profile established through 
12 years of Norpace (disopyramide 
phosphate) use. 


References: 1. Ekelund L-G. Clinical experience with 
controlled-release disopyramide. Practical Cardiology (spe- 
cial issue), June 1988, pp 38-42. 2. Arif M, Laidlaw JC, 
Oshrain C, et al: A randomized, double-blind, parallel 
group comparison of disopyramide phosphate and quini- 
dine in patients with cardiac arrhythmias. Angiology 
1983;34:393-400. 3. DiBianco R, Larca LJ, Singh 

SN, et al: A comprehensive clinical review of the standard, 
oral antiarrhythmic agents. Cardiovasc Rev Rep 1985:6: 
625-646. 4. Podrid PJ, Lampert S, Graboys, TB, et 

al: Aggravation of arrhythmia by antiarrhythmic drugs— 


Incidence and predictors. Am J Cardiol 1987 :59:38E-44E. 


S89-J7371T 


Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of 
which follows: Indications: For suppression and prevention of recurrence of the following 
cardiac arrhythmias: unifocal premature (ectopic) ventricular contractions; premature 
(ectopic) ventricular contractions of multifocal origin; paired premature ventricular contrac- 
tions (couplets); and episodes of ventricular tachycardia (persistent ventricular tachycardia is 
ordinarily treated with DC-cardioversion). Norpace is equally effective in both digitalized and 
nondigitalized patients. It is also equally effective in treating primary cardiac arrhythmias and 
those which occur in association with organic heart disease including coronary artery 
disease. Norpace CR should not be used initially if rapid establishment of disopyramide 
plasma levels is desired. Oral disopyramide phosphate has not been adequately studied in 
patients with acute myocardial infarction or with persistent ventricular tachycardia or atrial 
arrhythmias and is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. Contraindications: Cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), congenital Q-T prolongation, 
or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or 
worsen congestive heart failure (CHF) or produce severe hypotension as a conse- 
quence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or 
Norpace CR should not be used in patients with uncompensated or marginally 
compensated CHF or hypotension unless the condition is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may be treated with Norpace or 
Norpace CR, but careful attention must be given to maintaining cardiac function, 
including optimal digitalization. If hypotension occurs or CHF worsens, Norpace or 
Norpace CR should be discontinued and, if necessary, restarted at a lower dosage 
only after adequate cardiac compensation has been established. Norpace or 
Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsen- 
ing of the arrhythmia may occur. Patients who have evidenced prolongation of the 
Q-T interval in response to quinidine may be at particular risk. In general, Type 1A 
antiarrhythmic drugs have been associated with torsade de pointes. If Q-T prolon- 
gation greater than 25% is observed and if ectopy continues, the patients should be 
monitored closely, and discontinuation of Norpace or Norpace CR considered. In 
rare instances significant hypoglycemia has been reported during Norpace therapy. 
The concomitant use of Norpace or Norpace CR with other Type 1 antiarrhythmic 
agents and/or propranolol should be reserved for patients with life-threatening 
arrhythmias who are demonstrably unresponsive to single agent antiarrhythmic 
therapy. Such use may produce serious negative inotropic effects, or may exces- 
sively prolong conduction. Patients receiving more than one antiarrhythmic drug 
must be carefully monitored. If first-degree heart block develops, the dosage of 
Norpace or Norpace CR should be reduced. If the block persists, continuation of 
Norpace or Norpace CR must depend upon an assessment of benefit versus risk. 
Development of second- or third-degree AV block or uni-, bi-, or trifascicular block 
requires discontinuation of drug unless the ventricular rate is adequately controlled 
by a pacemaker. Because of its anticholinergic activity, disopyramide phosphate 
should not be used in patients with glaucoma, myasthenia gravis or urinary 
retention, unless adequate overriding measures are taken. In patients with a family 
history of glaucoma, intraocular pressure should be measured before initiating 
Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter or fibrillation 
should be digitalized prior to Norpace or Norpace CR administration to ensure that drug- 
induced enhancement of AV conduction does not allow a ventricular rate beyond physiologi- 
cally acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in 
patients with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch 
block. Patients with myocarditis or other cardiomyopathy may develop significant hypoten- 
sion in response to the usual dosage of disopyramide phosphate. Therefore, a loading dose of 
Norpace should not be given to such patients, and initial dosage and subsequent dosage 
adjustments should be made under close supervision. Norpace dosage should be reduced in 
patients with impaired renal or hepatic function and the electrocardiogram carefully moni- 
tored for signs of overdosage. Norpace CR is not recommended for patients with severe renal 
insufficiency. Antiarrhythmic drugs may be ineffective in patients with hypokalemia, and 
their toxic effects may be enhanced in patients with hyperkalemia. Therefore, potassium 
abnormalities should be corrected before starting Norpace or Norpace CR therapy. Concomi- 
tant administration of disopyramide phosphate with phenytoin or other hepatic enzyme 
inducers may cause lower disopyramide plasma levels. Concomitant administration with 
other antiarrhythmics may cause excessive widening of the QRS compiex and/or prolongation 
of the Q-T interval. Concomitant administration with quinidine resulted in slight increases in 
disopyramide levels and slight decreases in quinidine levels. Pregnancy Category C. Norpace 
was associated with decreased numbers of implantation sites and decreased growth and 
survival of pups when administered to pregnant rats at 250 mg/kg/day, a level at which 
weight gain and food consumption of dams were also reduced. Increased resorption rates 
were reported in rabbits at 60 mg/kg/day. Safe use in pregnancy has not been established. 
Disopyramide has been found in human fetal blood. Norpace has been reported to 
stimulate contractions of the pregnant uterus. Use of Norpace or Norpace CR in 
pregnant women requires that the potential benefit be weighed against possible hazards to 
the fetus. Effects of Norpace or Norpace CR on the fetus during delivery or on the course of 
labor and delivery are unknown. Following oral administration, disopyramide has been found 
in human milk at a concentration not exceeding that in plasma. Because of the potential for 
serious adverse reactions in nursing infants from Norpace or Norpace CR, a decision should 
be made whether to discontinue nursing or discontinue the drug, taking into account the 
importance of the drug to the mother. Adverse Reactions: Dry mouth, urinary hesitancy, 
constipation, blurred vision, dry nose/eyes/throat, urinary retention especially in males with 
benign prostatic hypertrophy, urinary frequency and urgency, impotence, nausea, pain/ 
bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatigue/muscle 
weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, cardiac 
conduction disturbances, edema/weight gain, shortness of breath, syncope, chest pain, 
generalized rash/dermatoses, itching, hypokalemia, elevated cholesterol/triglycerides, 
depression, insomnia, dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated 
BUN, elevated creatinine, decreased hemoglobin/hematocrit, and hypoglycemia. Acute 
psychosis, cholestatic jaundice, and agranulocytosis, all three reversible, have been reported, 
as have fever, respiratory difficulty, thrombocytopenia, and gynecomastia. Some cases of 
lupus erythematosus (LE) symptoms have occurred mostly in patients switched from 
procainamide to disopyramide following the development of LE symptoms. Dosage and 
Administration: Dosage must be individualized on the basis of response and tolerance. 

The usual adult dosage is 400 to 800 mg/day given in divided doses: g6h for Norpace and 
q12h for Norpace CR. See current complete prescribing information for dosage 
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Echocardiographic studies of left vontricilar (LV) 
hypertrophy indicate clinical benefits of antihyper- 
tensive therapy. Therefore, M-mode and Doppler 
techniques were used to assess changes in LV hy- 
trophy after 10, 30 and 50 weeks of atenolol 
therapy {50 or 100 mg once daily) in 19 patients | 
with essential hypertension. After 50 weeks of 
atenolol treatment, the most notable changes were: 
for M-mode parameters, increases (p <0.05) in dia- 
stolic LV internal dimension, radius to thickness ra- 
tio and stroke volume, and decreases (p <0.01) in 
total wall thickness and heart rate; for Doppler pa- 
rameters, increases (p <0.01) in slope and periph- 
eral resistance, and decreases (p <0.01) in heart 
rate, stroke volume and cardiac output. The de- 
creased total wall thickness and increased radius to 
thickness ratio suggest a trend toward regression 
of LV hypertrophy. These findings, along with im- 
provements in blood pressure, pulse and exercise 
stress tests, indicate potential benefits of atenolol 
in managing patients with essential hypertension 


ma LV hypertrophy. 
(Am J Cardiol 1989;64:1 157-1 161) 
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-tial hypertension. After a 10-minute rest patients 
: eae blood pressure determined ‘first. while 
| - irung and finally after stand 
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morbidity and mortality through promotion | 

ventricular (LV) hypertrophy, the ability o 
rent antihypertensive therapies to treat and prefe 
to prevent this condition commands attention. 
checked, LV hypertrophy induces voltage increase 
myocardial ischemia, ultimately leading to cardiac ! 
ure.! One noninvasive method that allows accurate 
sessment of LV hypertrophy is echocardiograph 
review of echocardiographic studies of various leng 
however, suggests that effective treatment of LV hy 
trophy may require sustained antihypertensive the 
To better understand this effect, we assessed early 
and overt indications of LV hypertrophy after 1 
and 50 weeks of therapy with atenolol, a cardiosel 
B blocker, in 19 patients with essential hypertension. 


Be hypertension contributes to incr 


Study population: For this open-label, nonran- o 
domized, outpatient trial, we studied the effects of the = 
cardioselective 8-blocker atenolol on LV hypertrophy = 
and early LV function. Included patients were seden- 
tary men, 31 to 69 years of age (mean 52; 2 of 19 were. Pe 
>65), with newly diagnosed or previously untreated es- 
sential hypertension (sitting diastolic blood pressure be- PEE 
tween 90 and 115 mm Hg). Echocardiographic evi- ~ = 
dence of LV hypertrophy (defined as posterior wall 
thickness of 211 mm) was also required. The study was . 
approved by the center’s institutional review board, and. 
participants signed an informed consent form. | 

Exclusion criteria included clinical or laboratory evi- 
dence of any systemic or metabolic disease, other than 
essential hypertension, known to affect the heart (eg, 
coronary artery disease, valvular heart disease, cerebro- 
vascular disease or diabetes). Also excluded were pa- > 
tients with sinus bradycardia of <50 beats/min, heart 
block greater than first degree, history of congestive _ 
heart failure or known sensitivity to any -adrenergic 
blocking agents. Medications affecting blood pressure > 
were prohibited for 1 month before and during the 
study. Furthermore, patients could not have undergone — 
any supervised or unsupervised exercise conditioning > __ 
programs within the 6 months before the study. > 

Study design: A 4-week screening period followed ` 
by a 50-week period of atenolol treatment composed the- 
study. Systolic and diastolic blood pressures and pulse é 
were taken weekly during screening to document ess 









TABLE I Mean Changes in Blood Pressures and Pulse 


Change* from Baseline 








Baseline 
Mean 





Week 10 Week30 Week 50 









- Systolic BP (mm Hg) 








-Supine 150 -20 £3.2 -14430 ~1343.6 

Cio Sitting 146 -173.2 -14428 -13429 

“|. Standing O minutes 145 22425 -17425 -18425 

| Standing 2 minutes 147 -2043.7 -19427 -19436 
j ~17 +42.8 











—~13 + 2.1 













g -1441.3 -14416 -12415 
-| StandingO minutes 96 -1541.2 -15413 -1442.0 
o| Standing 2 minutes 95 -13414 -15414 -12421 
| Standing 5 minutes 96 ~14415 -14413 -14422 

> ~. | Pulse (beats/min) 
ft Supine — 71 ~“J+10 ~-9415 ~11418 
Sitting 76 ~10420 -11418 ~-1341.5 
Standing O minutes 78 “1141.7 ~1241.7 ~14420 
Standing 2 minutes 79 -13419 -13416 -16423 
Standing 5 minutes 78 “12417 -12418 ~1542.0 






* All changes statistically significantly different from O at p <0.01; values are mean 
+ standard error. 
BP = blood pressure. 







Change from 
Baseline at 
Week 50 


0.5 + 0.34 


Baseline 
Mean 


Parameter 
(n = 19) 













Duration of exercise (minutes) 











Heart rate (beats /min) 
Before exercise 73 ~14+4 1.8* 
At end of exercise 157 —21 + 4.0* 
Systolic blood pressure (mm Hg) 
Before exercise 154 ~1544.1* 
.  Atend of exercise 206 —29 + 4.7* 
|. Heart rate-biood pressure product f 
(beats/min X mm Hg/ 100) 
Before exercise 112 —30 + 2.9* 
At end of exercise 150 ~45 + 4.2* 






TE Mean change statistically significant different from O at p <0.01; values are mean 
+ standard error. 





















_ Eligible patients were further screened with a full clini- 
cal evaluation, including complete history, physical ex- 
amination and laboratory testing (complete blood count 
_ with differential and platelet estimate, blood chemistry 
profile, urinalysis, electrocardiogram, and posterior-an- 
-terior and lateral chest x-ray). Suitable candidates then 
_. underwent baseline echocardiography and treadmill ex- 
ercise testing. Evidence of segmental wall abnormalities, 
detected by 2-dimensional echocardiographic scans at 
- Test and during exercise recovery, was an additional ex- 
_..-¢lusion criterion. 
-Patients selected for the study were seen every other 
week for the first 6 weeks, and every 4 weeks thereafter. 
Blood pressures, pulse rates and any adverse experiences 
were recorded at each study visit, and echocardiograph- 
xXaminations were repeated at weeks 10, 30 and 50. 
olol treatment began at 50 mg once-daily, taken 
proximately. the same time each morning. After 2 
s, doses were titrated to 100 mg once daily if neces- 
-achi 
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ing of diastolic blood pressure by 210 mm Hg or to 
<90 mm Hg. Patients not controlled after 4 weeks ato 
100 mg once daily were withdrawn from the study. A- 
physical examination, treadmill exercise testing and lab- 
oratory testing (including a complete blood count with- 
differential and platelet estimate, blood chemistry pro- 
file and electrocardiogram) were performed at the last- 
visit (week 50). aa 
Echocardiographic procedures: Resting and exer- 
cise echocardiograms were measured before the study, — 
and at weeks 10, 30 and 50 of atenolol treatment, with 
an ATL Mark V echocardiographic machine, using a 
2.25-MHz transducer. We chose 20 of the 75 echocar- 
diographic parameters for statistical analysis. Specifi- 
cally, M-mode parameters were diastolic LV internal » 
dimension, total wall thickness, radius to thickness ratio, 
LV mass, ventricular wall stress, heart rate, stroke vol- 
ume, cardiac output and peripheral resistance. Doppler 
parameters were slope, early diastolic (E wave) velocity, 
early to late diastolic (E to A wave) ratio, heart rate, 
stroke volume, cardiac output and peripheral resistance. 
Systolic time interval parameters were preejection peri- 
od, LV ejection time, preejection period to LV ejection 
time ratio and electromechanical systole (QS2) index. 
Each M-mode value represented the mean of 3 com- 


_ plexes, calculated according to guidelines of the Ameri- 


can Society of Echocardiography.? Additional calcula- 
tions of M-mode parameters included estimation of 
stroke volume from dimension measurements‘ and de- 
termination of ventricular wall stress from systolic blood 
pressure, diastolic LV internal dimension and total wall 
thickness.” We used established procedures for Doppler 
measurements. Measurements of systolic time intervals 
were corrected for heart rate, using the regression equa- 
tions of Weissler et al.’ 

Statistical analysis: Data were expressed as changes 
from baseline. Analyses of covariance with appropriate 
baseline measurements as the covariate were conducted 
for each parameter during active treatment with ateno- 
lol. The ¢ test was used to determine statistical signifi- 
cance of the difference from 0, using the error mean 
square from the analysis of covariance. Included in the 
statistical analysis were 2 patients who were withdrawn 
for lack of blood pressure control but who had complet- 
ed 30 weeks of atenolol treatment. Of the 19 study par- 
ticipants, 13 had evaluable M-mode echocardiograms. 


RESULTS ae 
Twenty-seven patients initially enrolled in the study. 
The 19 patients who completed =30 weeks of atenolol 
treatment had 22 echocardiographic measurements _ 
(weeks 10 and 30), and therefore were included in the 










7 Mean Changes in Echocardiographic Parameters 





Baseline 
Mean 





Parameter 


Š i M-mode parameters (n = 13) 



























































Diastolic LVID (cm) 4.86 0.22 + 0.0851 0.13 + 0.089 
Total wall thickness (cm) 2.21 ~0.06 + 0.055 —0.11 + 0.073 
Radius to thickness ratio 1.11 0.09 + 0.0441 0.10 + 0.056* 
_ Left ventricular mass (g/m?) 200 7463 4 + 9.4 

_ Ventricular wall stress 67 -543.7 -7 +4.11 
Heart rate (beats/min) 67 —8 + 2.0+ —8 + 1.8 
Stroke volume (mil) 71 10 + 3.2+ 84 2.6% 
Cardiac output (liters /min) 462 0.07 + 0.257 —0.05 + 0.157 

_ Peripheral resistance (U / m?) 27 —5 + 1.2? —3+1.17 

Doppler parameters (n = 19) ite 
Stope (cm/s?) 2.73 0.36 + 0.179* 0.48 + 0.214* 0.64 + 0.208} 
E wave velocity (cm/s) 49 2 +42.8 327 3423 0° 
E to A wave ratio 0.92 0.07 + 0.050 0.15 + 0.0627 0.0440.054. > 
Heart rate (beats /min) 64 —7 + 1.5 —9 + 1.2% ~1341.4+ 
Stroke volume (mi) 72 -345.3 -543.1 -826 — 
Cardiac output (liters /min) 4.43 ~0.55 + 0.339 ~0.79 + 0.176+ —1.22 + 0.186* 
Peripheral resistance (U/m?) 27 1+2.0 241.7 642.2% | 

Systolic time interval 
parameters (n = 19) 
LVET index (m/s) - 412 0+ 2.7 -1429 ~3+28 
PEP index 134 —143.1 ~4+42.3* 7+5.1 
PEP to LVET ratio 0.36 —0.01 + 0.011 —0.01 + 0.009 0.02 + 0.019 | 
QS2 index 545 ~14+3.8 ~5 + 2.9* 4+ 4.2 


All + values are mean + standard error. 


*Mean change statistically significantly different from zero at p <0.10; t mean change statistically significantly different from zero at p <0. 05: t mean change statistically 


eny different from zero at p <0.01, 





= ejection time; iD = 


following reasons: lack of blood pressure control (3), di- 
abetes (2), adverse experiences (1), myocardial infarc- 
tion (1), renal disease before atenolol treatment @) and 
voluntary withdrawal (2). 

As expected, systolic and diastolic blood pressures 
and pulse significantly (p <0.01) decreased throughout 
atenolol treatment (Table I). After 50 weeks, group 
means were decreased from baseline by approximately 
16 mm Hg for systolic blood pressure, 13 mm Hg for 
diastolic blood pressure and 14 beats/min for pulse (av- 

erage changes of mean measurements taken supine, sit- 
ting and standing 0, 2 and 5 minutes). In addition, all 
‘parameters of the exercise stress tests, except for dura- 
“tion of exercise, significantly (p <0.01) improved at 
-week 50, relative to baseline (Table I). 
- For the echocardiographic assessments (Table IID), 
statistically significant changes from baseline for M- 
mode parameters after 10 weeks of atenolol treatment 
‘were increases (p <0.05) in diastolic LV internal di- 
_ mension (0.22 cm), radius to thickness ratio (0.09) and 
stroke volume (10 ml), and decreases (p <0.01) in heart 
-rate (—8 beats/min) and peripheral resistance (~5 U/ 
: m?). After 50 weeks of atenolol treatment, the most no- 
_table changes for M-mode parameters were increases (p 
»-€0.05) in diastolic LV internal dimension (0.32 cm), 
radius: to thickness ratio (0. 13) and stroke volume (14 
ql), decreases (p <0.01) in total wall thickness (—0.11 
ind heart rate (—12 beats/min) and a decreasing 
-<0.10) in peripheral resistance (—3 U/m”). 
effe tsa of an atenolol treatment on LV 








Change from Baseline 


Week 10 


internal dimension; LV = left ventricular; PEP = preejection period; QS2 = 


Sin relation to > sustained atenolol treatment. | 





Week 30 







= intrapulmonary shunt. 


M-mode estimates of diastolic LV internal dimension, 
total wall thickness, radius to thickness ratio and stroke : 
volume (Figure 1). : 

For Doppler parameters, the most notable changes 
at week 50 were increases (p <0.01) in slope (0.64) an 
peripheral resistance (6 U /m*), and decreases (i 
<0.01) in heart rate (—13 beats/min), stroke volum 
(—8 ml), and cardiac output (1.22 liters/min). Im- 
proving trends were also observed for early diastolic (E 
wave) velocity and early to late diastolic (E to A wave) 
ratio, with increases at week 50 of 3 cm/s and 0.04, 
respectively. There were no important changes in systol- : 
ic time intervals during atenolol treatment. 

The inconsistency noted between M-mode and 
Doppler estimates of stroke volume, and therefore of 
cardiac output and peripheral resistance, could have re 
sulted from our assumption that mitral orifice diameter 
remained constant throughout the study. Adjusting the 
presumed orifice diameter for the magnitude of change 
noted for the diastolic LV internal dimension improved 
agreement between the M-mode and Doppler estimate 
of these parameters (Table IV). For stroke volume, bot 
sets of means changed in the same direction, althoug 
recalculated Doppler estimates did not reach statistica 
significance when compared to baseline. 





DISCUSSION 

The significant decreases in blood pressure and puls 
throughout atenolol treatment allowed evaluat: 
changes indicative of LV hypertrophy and their p 












Parameter 
{nm = 13) 


Baseline 
Mean 








E ... Stroke volume (ml) 







Ar + values: are mean + standard error. 


‘Significantly different from zero at p <0.01. 


ients included in the statistical analysis, 17 had 
chieved satisfactory control of blood pressure with ei- 
her 50 mg or 100 mg of atenolol once-daily, and this 
‘therapeutic regimen was well-tolerated. The earliest 
echocardiographic changes suggesting improved LV 
unction were increases in M-mode estimates of diastol- 
ic LV internal dimension, radius to thickness ratio and 
-stroke volume, and the decrease in total wall thickness. 





"Internal Dimension (cm) 


| Baseline Week 10 Week 30 


Treatment Period 


Week 50 


| 1.30 
a 7 | 1.25 
$ Mii 


= 410 4 ——$—$$____—____ 
= Week 10 Week30 Week 50 


Treatment Period 


- Baseline 


Change from Baseline 





Week 10 


M-Mode 71 10 + 3,23 8 + 2.6% 14+ 4,0 
Doppler original 73 ~147.7 ~4443 ~1044.1T 
ae Doppler recalculated 73 7490 0245.0 147.3 
< - Cardiac output (liters /min) : 
0 M-mode 4.62 0.07 + 0.257 ~0.05 + 0.157 0.00+40,301. © oe 
~~ Doppler original 4,45 —0.45 + 0.505 ~0.81 + 0,245 1.37 + 0.2828- fou 
.. ~ Doppler recalculated 4.45 0.00 +: 0.614 —0.58 + 0.329" -0.83 + 0.466. 
i a. resistance (U /m?) aa 
2 M-mode 27 -5 + 1.24 -34 1.1? ~3 + 1.6* 
_ Doppler original 27 042.4 342.3 9+ 3.31 
- Doppler recalculated 27 -2 +26 2428 5 + 3.6 


o * Mean change statistically significantly different from zero at p <0.10; ‘mean change statistically significantly different from zero at p <0.05; *t mean change saia 















Week 30 





Week 50 






























These trends were first observed after 10 weeks of aten- _ 
olol treatment and generally became more pronounced 
with increasing length of treatment. 
A trend toward regression of LV hypertrophy with 
sustained atenolol treatment has been observed in previ- _ 
ous echocardiographic studies of atenolol at 100 mg/ 
day. Sau et alë reported increases in LV end-diastolic - 
dimension and stroke volume after 1 month of atenolol | 


Total Wall Thickness (cm) 





Week 10 Week30 Week50 
Treatment Period 


Baseline 


Stroke Volume (ml) 
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Treatment F Period 


Baseline 





Week 30 Week T o 





ent. At 1 year, however, these parameters had 
ned to baseline levels, whereas LV mass was signif- 
ly decreased. In contrast, Margaroli et al? found no 
changes in LV dimensions after 2 or 5 months of ateno- 
lol treatment, although LV mass was significantly re- 
‘duced after 5 months. In a l-year study, Dunn et al!0 
observed significant reductions in posterior and septal 
all thicknesses beginning at 4 weeks and significant 
ecreases in LV mass beginning at 6 months. 
_ Decreased wall thickness, usually assumed to be as- 
sociated with decreased LV mass, is thought to be a 
“beneficial finding. In our study, we observed a treat- 
` ment-related decrease in total wall thickness without an 
overall reduction in LV mass, showing that end-diastolic 
dimension had increased as chamber walls had thinned. 
‘Because increased end-diastolic dimension may reflect 
improved filling secondary to decreased chamber stiff- 
- ness, it may be important to consider how therapy alters 
cardiac structure: thinning walls coupled with an en- 
larging chamber size may have an advantage over sim- 
ple reduction in LV mass for the patient with concentric 
LV hypertrophy. 

Although the increased M-mode estimates of stroke 
volume in our study suggest a beneficial effect of sus- 
tained atenolol treatment on overall pump function, we 
found no significant changes for systolic time interval 
parameters. As noted previously, Doppler estimates of 
stroke volume agreed more closely with M-mode esti- 
mates after adjustment for changes in orifice diameter 
consistent with changes in diastolic LV internal dimen- 
sion, challenging our original assumption that orifice di- 
ameter would remain constant throughout the study. 
Calculations of ventricular volume and derived parame- 
ters, such as cardiac output, however, are reliable only 
in patients without LV asynergy.* We did not specifical- 
ly evaluate our patients for this condition, but we did 
exclude patients with echocardiographic evidence of 
segmental wall abnormalities at baseline. Regardless, 
the increasing trends for Doppler estimates of early dia- 
stolic (E wave) velocity and early to late diastolic (E to 

< A wave) ratio do indicate improvements in LV diastolic 
- function.® 
_. Whereas echocardiographic measurements provide 
valuable information on cardiac anatomy and function, 
_ evaluation of exercise capacity reflects the overall inte- 
- gration of the cardiac, circulatory and pulmonary sys- 
< tems.? In our study, patients maintained exercise capac- 
ity despite year-long -blocker therapy, suggesting that 
-increased stroke volume had compensated for decreased 
heart rate. These findings agree with a previous study 
_ showing increased stroke volume during exercise in hy- 
-pertensive patients, treated with atenolol, who main- 
tained exercise capacity.'!! The combination of increased 
stroke volume with reduced heart rate-blood pressure 
product should provide improved myocardial efficiency, 
nabling patients to exercise at equivalent workloads 
th diminished myocardial oxygen consumption. The 
cant improvements we observed in most aspects of 
ise stress tests therefore reinforce the improve- 
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ment suggested by other aspects of the echocardio- 
graphic assessments. 5 Hs. 

Furthermore, the increase in radius to thickness ra- 
tio we observed suggests an added benefit of sustained 
atenolol treatment: decreased chamber stiffness. Systol- 
ic pressure and radius to thickness ratio are inversely 
related,!2 and pressure overload can increase the stiff- 
ness of hypertrophied myocardium,'? a condition seem- 
ingly linked to irreversible structural and functional 
changes.'4 Decreased chamber stiffness, coupled with — 
prolonged perfusion time due to decreased heart rate, ` 
may thus indicate a better prognosis for hypertensive — 
patients, thereby overshadowing the failure of atenolol- i 
to reduce peripheral resistance. e 


Addendum: In a second-year extension of atenolol- 
treatment in 13 patients, echocardiographic results indi- 
cated a continuation of the first-year trend toward re- 
gression of LV hypertrophy. Blood pressure, pulse and 
exercise stress findings were also similar to the first-year 
analysis. The most common adverse experience was bra~ 
dycardia (12 of 13 patients, requiring no action to be 
taken). No patient withdrew due to adverse experiences. ie 


Acknowledgment: We acknowledge the medical >- 
writing assistance of Robert J. Bonk, the data monitor- i 
ing of John M. Barden, the statistical analysis of L. Ede 
ward Christian, MD, and the assistance in Doppler and 
echocardiographic measurements by Kurt Bodily and a 
Marvin Allen. 


REFERENCES of 
1. Gilbert E. Pathology of hypertension. In: Goodfriend TL, ed. Hypertension: - ; 
Essentials: Current Concepts of Cause and Control. New York: Grune & Stratton; nai 
1983:72-81. oe 
2. Devereux RB. Monitoring therapeutic responses with echocardiography. Drug o 
Ther 1983;13:79-82,87-88. Warrier 
3. Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations regarding ae 
quantitation in M-mode echocardiography: results of a survey of echocardio- — 
graphic measurements. Circulation 1978;758:1072-1083. ES 
4. Teicholz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocardio o 006 
graphic volume determinations: echocardiographic-angiographic correlations ip 004 
the presence or absence of asynergy. Am J Cardiol 1976,37:7-11. on ES 
5. Reichek N, Wilson J, Sutton MSJ, Plappert TA, Goldberg S, Hirshfeld JW. 
Noninvasive determination of LV end-systolic stress: validation of the method and: 3) =i 
initial application. Circulation 1982,65:99-108. py eae 
6. Labowitz AJ, Williams GA. LV function. In: Doppler Echocardiography: The |. 
Quantitative Approach. Second ed. Philadelphia: Lea and Febiger, 1988:835-100.: - 
7. Weissler AM, Harris WS, Schoenfeld CD. Systolic time intervals in heart 
failure in man. Circulation 1968;37:149-159. . 
8. Sau F, Cherchi A, Seguro C. Reversal of LV hypertrophy after treatment of. 
hypertension by atenolol for one year. Clin Sci 1982;63:(supp])8:367s-369s, © 
9. Margaroli P, Petrucci E, Caielli R, Vigano A, Mainardi M. Non-invasive . 
assessment of LV anatomy and function in hypertensive patients following suc 
cessful treatment of hypertension with the 8-adrenergic blocking drug atenolol, 
Acta Ther 1985,11:5~12. aoe 
10. Dunn FG, Ventura HO, Messerli FH, Kobrin I, Frohlich ED. Time course of 
regression of LV hypertrophy in hypertensive patients treated with atenolol. 
Circulation 1987 ;76:254-258. n 
11. Reybrouck T, Amery A, Billiet L. Hemodynamic response to graded exercise 
after chronic 8-adrenergic blockade. J App! Physiol 1977,42:133-138. ar 
12. Gaasch WH. LV radius to wall thickness ratio. Am J Cardiol 1979;43:1189- 
1194. 
13. Mirsky I. Assessment of passive elastic stiffness of cardiac muscle: mathemat= ` 
ical concepts, physiologic and clinical considerations, directions of future research. ` 
Prog Cardiovasc Dis 1976;18:277-308. ay 
14. Gaasch WH, Levine HJ, Quinones MA, Alexander JK. LV complian 
mechanisms and clinical implications. Am J Cardiol 1976;38:645-653. 





































_ pendent on the sympathetic activity of the heart, 
- HR variability is mainly determined by the vagal 
_ outflow of the heart. Several HR abnormalities 
< have been described in patients with congestive 
_. heart failure (CHF); however, there are no data on 
`-HR variability in CHF patients. In the present study 
HR variability was assessed in 20 CHF patients 
and 20 control subjects from 24-hour Holter tapes. 
HR variability was evaluated by calculating the 
mean hourly HR standard deviation and by analyz- 
ing the 24-hour RR histogram. Mean hourly HR 
standard deviation was markedly and significantly 
- -reduced in CHF patients both over the 24-hour pe- 
-riod (97.5 + 41 vs 233.2 + 26 ms, p <0.001) as 
_well as during most of the individual hours exam- 
ined. The 24-hour RR histogram of CHF patients 
had a different shape and had a decreased varia- 
-tion compared to control subjects (total variability 
` -356 + 102 vs 757 + 156 ms, p <0.001). Thus, 
_ CHF patients with depressed ejection fraction 
_ (<30%) have a low HR variability compared to nor- 
_ Mal individuals. This result can be interpreted as 
adjunctive evidence for decreased parasympathetic 
-< activity to the heart during CHF. | 
ae oe (Am J Cardiol 1989;64:1162—1 167) 
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- Heart rate (HR) variability is a noninvasive index of 
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by computer analysis has greatly increased our 

knowledge regarding this parameter and its con- 
trol. It has now been established that there is a 24-hour 
variation in HR that reflects the spontaneous changes in 
autonomic activity’? and that the normal 24-hour pat- 
tern is altered when the neural control to the heart is 
impaired.7> Other important information now easily 
available is based on measurements. of HR variability. 
This parameter is also heavily affected by the neural 
control of the heart.°® The importance of HR variabili- 
ty as an independent predictor of mortality in coronary 
artery disease patients has been pointed out recently.9-! 
Patients with congestive heart failure (CHF) have 
a complex autonomic disturbance of the heart.!!-!4 
Whereas it has already been shown that the decompen- 
sated heart possesses an altered 24-hour heart rate be- 
havior,'> little is known about HR variability in these 
patients. We examined HR variability, as assessed by 
different methods, in patients with severely impaired 
left ventricular function. 


METHODS io 
Subjects: Twenty normal volunteers aged 64 + 9 


Ts possibility of easily processing heart rate (HR) 


years (range 38 to 69) (12 men and 8 women) selected 


from the hospital staff and student body served as con- 
trol subjects. All were judged as not having significant 
cardiac disorders after a careful clinical examination, 
resting electrocardiogram, treadmill test and 2-dimen- 
sional echocardiography. From September 1985 to Feb- 
ruary 1987, we selected 20 CHF patients admitted to 
our clinic (Table I). On the basis of clinical history, 
physical examination, electrocardiogram, 2-dimensional 
echocardiography and left-sided heart catheterization, 
the etiology of CHF was established to be coronary ar- ` 
tery disease in 15 patients and primary cardiomyopathy 

in the remaining 5. All subjects underwent a 24-hour 
electrocardiographic monitoring. 

CHF was defined as >6 months of exertional dys- 
pnea or fatigue, presence of a dilated left ventricle dur- 
ing 2-dimensional echocardiography and a radionuclide- 
determined ejection fraction at rest <30%. None of the | 
patients had arterial hypertension at the time of the 
study or had undergone heart surgery. Diabetic patients ` 
were not included in the study. No patient had ever suf- — e 
fered from thyroid gland disease, or had taken amioda-. ` 
rone. All patients were in sinus rhythm or had <I5 preo 
aie and were. 
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o CAD = coronary artery disease; = primary dilated cardiomyopathy: EF = 
- radionuclide ejection traction, NYHA = New York Heart Association functional class. 


the exception of the severely ill patients, all were able to 
perform moderate physical activity. Patients with coro- 
nary artery disease had had a myocardial infarction at 
least 6 months before the study and none had angina at 
the time of the study. Also, at the time of the study no 
patient was receiving digitalis, 15 patients were receiv- 
ing diuretics and 8 were receiving nitrates. Although va- 
sodilators are known to modulate resting drive cycle 
length, therapy was not discontinued in these patients 
for ethical reasons. 

Tape analysis: Continuous electrocardiographic am- 
bulatory monitoring was performed using 2-channel Del 
Mar Avionics tape recorders. Tapes were analyzed by 
using a 660B Del Mar Avionics display unit. For the 





“anormal subject. The RR variation (in ms) 
. is shown on the x axis, while the number- 
of RR intervals detected is shown on the y 





_ (x origin). RR variation was also mea- 
< sured at 10% (10% WP) and at 50% 


(60% WP) of the height of the peak. 
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TABLE Il Heart Rate Data in Control Subjects and = 
Congestive Heart Failure Patients i 
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CHF = congestive heart failure; sleep / waking = ratio mean sleep /waking heart | 
rate: 24-HR = mean 24-hour heart rate; 24-HR SD = mean 24-hour hourly Standard | 
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purposes of this study we connected the display uni 
an analog-digital converter designed to sample the RR 
interval series at 2 MHz (temporal resolution = 5 ys). 
The 24-hour RR series was then collected at a speed 60 
times greater than real time and loaded on a commer- 
cially available personal computer (ready access memi 
ry = 1 megabyte). The quality of the signal processin 
was checked by visual inspection of the computer scree 
while sampling the RR intervals to prevent the proces 
ing of artifacts. The computer program was designed to 
provide for each subject hourly HR values, hourly HR 
standard deviation values, and the 24-hour RR histo- ` 
gram (i.e., the frequency of RR intervals vs their cycle 
length). HR variability was therefore evaluated by 2_ 
methods: the mean hourly HR standard deviation; and 
the width of the 24-hour RR interval histogram calcu- 
lated at the base of the peak, at 10% of the height of the 
peak and at 50% of the height of the histogram (Figure 
1). ae 


amined a 24-hour-curve was obtained for both HR a: d 


Statistical analysis: For the 2 groups of subjects ex- S 


mean HR standard deviation. Differences within and 
between the 2 groups were analyzed using the analy- 
sis of variance. The statistical analysis between the 2. 
groups for HR, mean HR standard deviation and the — a 
values of total variability, width at 10 and 50% of the ne 
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Se VORTAN WAS. pertorned” by. Uh 
student ż test for 2 means. A p value <0.05 was consid- 
d statistically significant. 


- Twenty-four-hour heart rate: Mean hourly HR val- 
Figure 2. The overall mean 24-hour HR found in con- 
‘ol subjects was significantly lower than that of CHF 
ients (73 + 9 vs 84 + 11 beats/min; p <0.001) (Ta- 
ble H). In normal volunteers the 24-hour HR profile 
showed an evident variation with higher values during 


HOURLY MEAN VALUE 4 SEM (BPM) = | 
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ues in control subjects and CHF patients are shown in 










ues at night. The lowest value for HR was found be- 
tween 3 and 5 am. In CHF patients HR was higher 
than in control subjects during the whole 24-hour period 
although this difference was more evident at night. The 
24-hour HR curve in these patients showed little vari- 
ation compared to control subjects (analysis of variance; 


p <0.001 in control subjects; difference not significant. 


in CHF patients). To evaluate the HR differences be- 
tween the 2 groups investigated while awake and during 
sleep, we calculated the ratio night mean (12 pM. to 6 
AM.)/day mean for each subject. This ratio was signifi- 


and CHF patients (dark squares). Each 
point is the mean hourly heart rate value + 
min). * = p <0.01, oe te =p <0.005, llako = 
p <0.001, : 









*** = p <0.005 ****=p<0.001,  — 
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“| CHF survivors 
Tyi Control subjects 


a fe viations as in Table H 


-cantly higher in CHF patients compared to control sub- 
jects (0.93 + 0.1 vs 0.77 + 0.1, p <0.001). 

Hourly heart rate standard deviation: Normal indi- 
viduals showed a significant variation for mean HR 
«standard deviation (analysis of variance, p <0.001) that 
appeared to possess a distinct 24-hour behavior with 
-wider variation at night. On the other hand, in CHF 
-this pattern was not observed and the 24-hour variation 
for mean HR standard deviation was not significant. 
Control subjects were found to have significantly higher 
values of mean HR standard deviation at all hours of 
the day compared to CHF patients. The mean 24-hour 
HR standard deviation value was also significantly 
higher in control subjects with respect to CHF patients 
(233 + 26 vs 98 + 41 ms; p <0.001). 

RR histogram analysis: The normal appearance for 
the histogram of the 24-hour RR interval variation is 
shown in Figure 4. Normally the histogram possesses a 
bimodal aspect with a major peak centered at a shorter 
RR interval with respect to the minor peak. In control 
subjects, this aspect was constantly present, although 
the relative importance of the 2 major peaks varied indi- 
vidually. In patients with CHF, the histogram had a 
completely different aspect, as only 1 sharp peak was 
present. Total variability, the width at 10 and 50% of 
the height of the histogram were all found to be signifi- 
cantly diminished with respect to normal volunteers 
: (Table II, Figure 5). 


os DISCUSSION 

The present study indicates that patients with CHF 
< have a low HR variability and that this parameter does 
-- not change significantly throughout the day, as opposed 
_ to normal behavior. The major contribution to HR vari- 
` ability is from respiratory sinus arrhythmia, whose ex- 
= tent correlates with the vagal traffic to the heart.®’ Al- 
. though HR variability is considered a good index of 
_ parasympathetic activity, other components of HR vari- 
ability that depend on sympathetic influences have been 
- observed.8!6 Several methods have been proposed to 
- Measure HR variability.!”-' We assessed HR variabili- 
y by using indexes obtained by measuring the 24-hour 
‘ pitearain and the mean eee HR standard devi- 
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can be interpreted as further evidence for a ee va 
gal activity of the heart in CHF patients.!! There is ex 
perimental evidence that the sympathetic nervous sys 
tem substantially contributes to HR variability.®!© HE 
spectral analysis has also shown that sympathetic stim 
lation determines a change i in spectral composition with 
out substantial changes in HR variability. 19,20 There- 
fore, the very low HR variability found in our patient: 
may indicate that in severe forms of heart failure both 
the sympathetic and vagal neural traffic to the heart are. 
impaired. The 24-hour HR behavior is also affected. b 
changes in the autonomic activity. 

At any time, HR depends on the relative influence 
of opan and parasympathetic activity on the si- 
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play ee and the ee A between "high a and low 
flow velocities in a different manner. 

| transesophageal color flow mapping assessment of 
MR. was compared with the epicardial technique, which 
has previously been shown to correlate closely to angi- 
ography as well as to transthoracic color Doppler. Angi- 
ography does, however, have limitations in serving as an 
accurate gold standard, because it is only semiquantita- 
tive, does not provide measurements of true regurgitant 
lume or fraction and is affected by a number of fac- 
tors not directly related to regurgitation severity.!3 
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ysis. 
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Increases treadmill exercise time, 
decreases NTG consumption. 


Reduces total peripheral resistance. Long- 
term efficacy demonstrated in a two-year 
clinical study.’ 


-Does not reduce cardiac output? and is not commonly associated with 
orthostasis, constipation and impotence.* Efficacy and tolerability 
similar in younger and older patients. 
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tDue to peak/ rough variability with CARDENE it it is consistent ‘with ‘good medical | practice to measure 
blood pressure at trough (8 hours after dosing] and at peak {1—2 hours after dosing). During clinical trials, 
peak effects of CARDENE were not associated with increased side effects. With CARDENE treatment, 
blood pressures were significantly reduced throughout the dosing interval compared to placebo. : 


common side effects include flushing, headache, dizziness and pedal edema. 


brief summary of prescribing information on last page of this advertisement. 








Capsules For oral use 
MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle with- 
out changing serum calcium concentrations. The contrac- 
tile processes of cardiac muscle and vascular smooth 
muscle are dependent upon the movement of extracellular 
calcium ions into these cells through specific ion channels. 
The effects of CARDENE are more selective to vascular 
smooth muscle than cardiac muscle. In animal models, 
CARDENE produces relaxation of coronary vascular smooth 
muscle at drug levels which cause fittle or no negative 
inotropic effect. 


CONTRAINDICATIONS: Patients with hypersensitivity 
to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contrain- 
dicated in patients with advanced aortic stenosis. 


WARNINGS: Increased Angina: About 7% of patients in 
short term placebo-controlied angina trials have developed 
increased frequency, duration or severity of angina on start- 
ing CARDENE or at the time of dosage increases, compared 
with 4% of patients on placebo. Comparisons with beta- 
blockers also show a greater frequency of increased angina, 
4% vs 1%. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS} 


Use in Patients with Congestive Heart Failure: Although 
preliminary hemodynamic studies in patients with conges- 
tive heart failure have shown that CARDENE reduced afterload 
without impairing myocardial contractility, it has a negative 
inotropic effect in vitro and in some patients. Caution should 
be exercised when using the drug in congestive heart failure 
patients, particularly in combination with a beta-blocker. 


Beta-Blocker Withdrawal: CARDENE is not a beta- 

blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal; any such withdrawal should 
be by gradual reduction of the dose of beta-biocker, prefer- 
ably over 8-10 days. 


PRECAUTIONS: General: Blood Pressure: 

Careful monitoring of blood pressure during the initia! 
administration and titration of CARDENE is suggested. 
CARDENE may occasionally produce symptomatic hypo- 
tension. Caution is advised to avoid systemic hypotension 
when administering the drug to patients who have sus- 
tained an acute cerebral infarction or hemorrhage. Because 
of prominent effects at the time of peak biood levels, initial 
titration should be performed with measurements of blood 
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pressure at trough (just before the next dose) and at peak 
effect (1-2 hours after dosing). 

Use in patients with impaired hepatic func- 

tion: The drug should be used with caution in patients 
having impaired liver function or reduced hepatic blood 
flow. Patients with severe liver disease developed elevated 
blood tevels (4-fold increase in AUC) and prolonged half- 
life (19 hours) of CARDENE. 


Use in patients with impaired renal function: Mean plasma 
concentrations, AUC, and Cmax were approximately 2-foid 
higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted. 


Drug Interactions: Cimetidine: Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored. 


Digoxin: Some calcium blockers may increase the concen- 
tration of digitalis preparations in the blood. CARDENE 
usually does not alter the plasma leveis of digoxin, however, 
serum digoxin fevels should be evaluated after concomitant 
therapy with CARDENE is initiated. 


Maalox: Co-administration of Maalox TC had no effect on 
CARDENE absorption. 


Fentanyl Anesthesia: Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a beta- 
blocker and a caicium channel blocker. Even though such 
interactions were not seen during clinical studies with 
CARDENE, an increased volume of circulating fluids might 
be required if such an interaction were to occur. 


Cyclosporine: Concomitant administration of nicardipine 
and cyclosporine results in elevated plasma cyclosporine 
levels. Plasma concentrations of cyclosporine should 
therefore be closely monitored, and its dosage reduced 
accordingly, in patients treated with nicardipine. 


When therapeutic concentrations of furosemide, 
propranolol, dipyridamole, warfarin, quinidine, or naproxen 
were added to human plasma (in vitro}, the plasma protein 
binding of CARDENE was not altered, 


Pregnancy: Pregnancy Category C: There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 


Nursing Mothers: it is recommended that women who wish 
to breast-feed should not take this drug. 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been established. 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients (265 years) 
and healthy controls after one week of CARDENE 20 mg 
TID, Plasma CARDENE concentrations in elderly hyperten- 
sive patients were similar to plasma concentrations in 
healthy young adult subjects when CARDENE was admin- 


3. Pepine C. Nicardipine, a new caicium channei blocker: Role 
for vascular selectivity. CHn Cardiol. 1989;12:240-246. 


istered at doses of 10, 20 and 30 mg TID, suggesting that the 
pharmacokinetics of CARDENE are similar in young and 
eiderly hypertensive patients. No significant differences in 
responses to CARDENE have been observed in elderly 
patients and the general adult population of patients who 
participated in clinical studies. 


ADVERSE REACTIONS: in short-term (up to three 
months) studies 1,910 patients received CARDENE alone or 
in combination with other drugs. in these studies, adverse 
events were generally not serious but occasionally required 
dosage adjustment. Peak responses were not observed to 
be associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
with decreases in blood pressure (tachycardia, hypotension, 
etc.} could occur around the time of the peak effect. 


Angina: The most common adverse events include peda! 
edema and dizziness in about 7% of patients; headache, 
asthenia, flushing and increased angina in about 6%; pal- 
pitations in about 3%; and nausea and dyspepsia in about 
2%, Adverse events occurring in about 1% of patients include 
dry mouth, somnolence, rash, tachycardia, myalgia, other 
edema and paresthesia. Sustained tachycardia, syncope, 
constipation, dyspnea, abnormal ECG, malaise, nervous- 
ness and tremor occurred in less than 1% of patients. 


in addition, adverse events were observed which are not 
readily distinguishable from the natural history of the ath- 
erosclerotic vascular disease in these patients. Adverse 
events in this category each occurred in <0.4% of patients 
receiving CARDENE and included myocardial infarction, 
atrial fibrillation, exertional hypotension, pericarditis, heart 
block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related. 


Hypertension: The most common adverse events include 
flushing in about 10% of patients; headache and pedal 
edema in about 8%: asthenia, palpitations and dizziness in 
about 4%: tachycardia in about 3%; nausea in about 2%; 
and somnolence in 1%. Dyspepsia, insomnia, malaise, other 
edema, abnormal dreams, dry mouth, nocturia, rash and 
vomiting occurred in less than 1% of patients. 

Additionally, the following rare events have been reported: 
infection, allergic reaction, hypotension, postural hypoten- 
sion, atypical chest pain, peripheral vascular disorder, ven- 
tricular extrasystoles, ventricular tachycardia, sore throat, 
abnormal fiver chemistries, arthraigia, hot flashes, vertigo, 
hyperkinesia, impotence, depression, confusion, anxiety, 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred vision, 
increased urinary frequency. . 

More detailed professional information available on request. 
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ple - echocardiographic indexes of Janada 
have been used clinically to characterize left 
ventricular (LV) diastolic function. The reliability of 
these indexes as markers for intrinsic myocardial 
diastolic properties has been questioned. Micro- 
manometer left atrial (LA) and LV pressures as 
well as transmitral Doppler flow v slocity y sig 
and M-mode and 2-dimensional echocardio 
were simultaneously recorded. These unique mea- 
surements were acquired in patients with dilated 
cardiomyopathy under baseline conditions and dur- 
ing infusion of high dose amrinone. The response to 
amrinone was chosen as a hemodynamic model be- 
cause this drug has previously been described as 
having beneficial effects on overall LV systolic and 
diastolic performance. At peak amrinone effect, LV 
contractility increased (as assessed using load inde- 
pendent end-systolic indexes) and early diastolic re- 
laxation improved whereas passive chamber stiff- 
ness, heart rate and stroke volume were un- 
changed. There was a significant decrease in LV 
end-diastolic pressure as well as a parallel down- 
ward shift of the entire LV diastolic pressure- 
dimension relation. These findings, which indicated 
an improvement in overall LV diastolic properties, 
probably represent the combination of more rapid 
early diastolic relaxation in conjunction with a 
reduction in venous return, the relief of pericardial 
restraint or the reduction in right ventricular-LV 
interaction. In contrast, the ratios of Doppler-deter- 
mined peak transmitral early-to-late flow velocities 
and early-to-late diastolic flow velocity integrals de- 
creased with amrinone infusion, thereby suggesting 
a drug-induced decrease in LV diastolic compli- 
ance. Thus, in patients with idiopathic dilated car- 
diomyopathy, administration of amrinone has a 
complex effect on LV diastolic properties. In these 
patients the most commonly used Doppler criteria 
for LV filling properties have to be used cautiously 
because the derived conclusions may be diametri- 
cany opposed to the actual hemodynamic changes. 
(Am J Cardiol 1989;64:1173-1179) 
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determinants of overall cardiac performance 

The filling dynamics of the left ventricle, how 
ever, are highly complex and depend on a multitude 
factors, including the active and passive diastolic ch: 
acteristics of the myocardium, cardiac loading condi 
tions and heart rate.'“® These interrelations are further 
complicated in patients with dilated cardiomyopathy by- 
right ventricular-left ventricular (LV) interaction and 
pericardial restraint.?"!! ae 

Cardiac ultrasound i imaging and specifically Doppler Eeen 

echocardiography are promising modalities for the non- ` 
invasive assessment of LV diastolic events.!*-!© In sever- . ~ 
al clinical conditions Doppler has been reported to be 
useful for detecting alterations in LV diastolic compli- 
ance.!’-!9 However, recent reports on the confounding 
effects of heart rate, ventricular loading conditions, age, 
valvular regurgitation and the location of the Doppler . 
sampling volume have raised major questions regarding 
the interpretation of transmitral Doppler flow data. 20-2- 
The use of fluid-filled catheters and the substitution of | 
pulmonary capillary wedge pressure for actual left atrial 
(LA) pressure in the validation studies% result in inac- 
curate instantaneous LA-LV pressure relations and add 
an additional element of complexity. To assess the im- 
portance of these problems, we evaluated patients with 
idiopathic dilated cardiomyopathy in whom direct LA 
and LV high-fidelity micromanometer pressures were — 
measured in conjunction with simultaneous transmitral _ 
Doppler flow velocity recordings. These data allowed, = 
for the first time, the accurate definition of the relation- E 
between instantaneous transmitral diastolic pressure = 
and flow while assessing the validity of commonly used > 
Doppler transmitral flow velocity indexes as noninvasive 
indicators of changes in LV diastolic properties. 


À fentricular diastolic properties are one of the majo 





Study population: The study population included 1 ʻi oS 
patients (5 men and 2 women) with idiopathic dilated a: 
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60). All pationts were in. i New York Heart Associa 
on functional class III or IV with an echocardiographi- 
lly determined LV minor axis end-diastolic dimension 
6.0 cm and LV shortening fraction <20%. No patient 
had symptoms of myocardial ischemia, echocardio- 
raphic evidence of regional wall motion abnormalities 
or significant coronary stenosis (>50% luminal diame- 
ter narrowing) by arteriography. Five of 7 patients 
showed signs of <2+ mitral regurgitation by pulsed 
Doppler criteria (systolic flow extending halfway into 
the left atrium). Patients with >2+ mitral or tricuspid 
gurgitation were excluded from the study. All patients 
ere treated with digoxin and diuretics. None of the 
patients had significant rhythm disturbances. The ex- 
perimental protocol was approved by the Committee on 
< Investigations in Humans at the University of Chicago 
~ Medical Center and by the Ethics Committee of the 

2 _ Witwatersrand University. 

~~. Experimental design: DATA ACQUISITION: Patients 
T es studied during diagnostic left- and right-sided car- 

<- diac catheterization. LV and central aortic pressures 
were obtained using 7Fr micromanometer pressure 
catheters (Millar Catheter). LA pressure was obtained 
using a 6Fr micromanometer catheter (Millar Cathe- 
ter) introduced into the left atrium via a transseptal 
puncture. All micromanometer pressure catheters were 
balanced and calibrated in the following manner: an ini- 
tial external balance was performed in sterile normal 
saline at a temperature of 37°C. On insertion into the 
femoral artery, both micromanometer catheters were 
matched against intraluminal pressures (the side port of 
the arterial sheath) and then advanced into the left ven- 
= tricle for final equilibration. The aortic catheter was 

then pulled out of the left ventricle and positioned in the 














“CONTROL AMRINONE 


25 L FIGURE 1. Simultaneous recordings of left ventricular inflow 
-i Doppler and micromanometer left atrial pressure (LAP) and 
oo oR eft ventricular pressure (LVP) during control and at peak am- 
~-rinone effect. Amrinone induced a marked decrease in early 
flo Dw 1 elocity with a relative increase in early flow velocity 
ous he the mitral valve. A = A wave; E = E wave; ECG = 





arende aorta a just ‘above the aortic ; valve Th 
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the LV micromanometer catheter was placed at t 
midventricular level of the left ventricle as near as pos 
ble to the Doppler sampling site. The sampling of date 


at the same time in the cardiac and respiratory cycles | 


reduced to a minimum the possible distortion of pres- L 


sure measurements due to changes in catheter location | 
within the ventricular chamber. After this procedure, 7 
the LA catheter was advanced into the left ventricle for 7 
pressure matching. Once pressure matching was com- | 
pleted, the catheter was repositioned in the left atrium. 7 
Finally, right ventricular extrasystoles were induced to. 7 
allow matching of LA and LV pressures during pro- 7 


longed pauses after extra-systole. Zero balance and | 


internal calibration of the micromanometer catheters { 
were rechecked periodically during the study. Right | 


atrial and pulmonary arterial pressures were obtained | 
using a fluid-filled Swan-Ganz catheter. Transpulmon- | 
ary driving force was calculated as the difference be- | 
tween mean pulmonary artery pressure and mean LA | 
pressure. Thermodilution cardiac outputs were deter- 
mined from 3 to 5 successive measurements with an in- 
termeasurement variability of <10%. 
Two-dimensionally targeted M-mode echo images of 
the left ventricle were recorded with the patient in the 
supine position using a 2.5-mHz transducer attached to 
a Hewlett Packard cardiac ultrasound unit (77020 AC). 
Data were acquired at the level of the largest LV minor. 
axis dimension present between the tips of the mitral 
leaflets and the superior aspect of the papillary muscles. 
Additional images were obtained with the transducer 
angled cranially to enable recording of the maximal dia- 
stolic separation between the mitral valve leaflets. LA, 
LV and aortic pressures as well as electrocardiographic 
lead II were recorded simultaneously with the M-mode 
echo using a custom made multichannel physiologic sig- 
nal recording module. These pressure data were fed into 
the echo unit from the output port of the pressure pre- 
amplifier of a Hewlett Packard multichannel. re- 
corder. Zero balance and calibration procedures were 
performed simultaneously on both recording systems. 
Transmitral blood flow velocity recordings were ob- - 
tained from the apical 4-chamber transducer position 


using pulsed Doppler (sampling volume located at the . 
tip of the mitral valve leaflets) (Figure 1) and continu-. -> 
ous-wave Doppler (directed through the center of the — 


LV inflow axis) techniques. 
DRUG INTERVENTIONS: Two separate drug interven- 
tions were performed. 
Nitroprusside was administered to establish eens | 
LV contractile state over a wide range of LV afterload 
conditions. Initial control measurements were recorded | 
after the establishment of a stable baseline and 220 


minutes after catheter placement. Sequential doses of — 


nitroprusside (0.125, 0.25, 0.375, 0.5, 1.0 and 2 ug/kg/ 
min) were administered in 6 of 7 patients. In 1 patient 
nitroprusside was not infused because of relative base- 
line hypotension. Criteria for discontinuation of nitro- 
prusside infusion were a reduction i in LV peak systolic 
pressure to <90 mm noen or an increase in i neart rate of : 













on, 220 minutes were allowed for reestablishment 
seline hemodynamics. 

mrinone was administered to all 7 patients as an 
al intravenous bolus (0.75 mg/kg) followed by a 
inuous infusion at a rate of 10 ug/kg/min for 20 
utes. An additional intravenous bolus of 1.5 mg i kg 
‘hen administered followed by a 20-minute continu- 
fusion at a rate of 15 wg/kg/min. For the purpose 
his study, control data were compared to data ob- 
ined at peak drug effect during the üii amrinone 
sing schedule. 

Data analysis: INDEXES OF LEFT VENTRICULAR DIA- 
STOLIC PROPERTIES: LA and LV pressures, Doppler trans- 
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mitral flow velocity profiles and LV echocardiograms 
re. obtained at end-expiration; digitization (sampling 
1,000 Hz) was subsequently performed using 
an off-line custom-designed computer-based program 
(IBM-PC). Instantaneous rate of change of pressure 
‘and Doppler data were computed with a 3-point 
smoothing algorithm. Instantaneous pressures, pressure 
gradients and pressure rate changes were determined in 
conjunction with the appropriately timed changes in 
Doppler transmitral velocity and instantaneous rate of 
change of Doppler velocities throughout the cardiac cy- 
cle. Separation of the early and late flow velocity pro- 
files was determined using the point of intersection of 
the tangents to the decelerating early and the accelerat- 
ing late flow velocity signals. The mitral valve M-mode 
echocardiogram was used to assess maximal leaflet sep- 
aration at points E and A. 

LV pressures and minor axis dimensions were digi- 
tized (Franklin Quantic 1200) to generate diastolic 
pressure-dimension plots. The individual pressure-di- 
mension plots were then averaged using 5 diastolic coor- 
dinates to construct mean plots for control and peak 
amrinone conditions. These coordinates included the 
point where LV pressure decay reached 50 mm Hg, the 
diastolic pressure nadir and the end-diastolic point. Two 
additional coordinates were obtained at the midpoints 
between these data. 

For each patient, 7, an index of early diastolic pres- 
sure decay, was computed at 5-ms intervals from the 
linear regression of the natural logarithm of negative 
dP/dt versus time starting at maximal negative dP/dt 
and ending at the nadir of diastolic LV pressure.’ In 
addition, 5 late LV diastolic pressure (P)-dimension (D) 
coordinates obtained after the diastolic pressure nadir 
were used to assess late diastolic chamber stiffness. 
These coordinates included: (1) LV diastolic nadir, (2) 
end-diastole and (3) a midpoint between 1 and 2. Points 
4 and 5 were midpoints between points 1-3 and 2-3, 
respectively. These coordinates were fit to a power law 
function, P = AD*, as suggested by Mirsky.® The resul- 
tant passive chamber stiffness measurement, a, was 
used to assess the effects of amrinone on myocardial 
: properties during late diastole. 

DEXES OF LEFT VENTRICULAR CONTRACTILITY: LV 
ity was assessed using the load-independent re- 
tween 1 circumferential end-systolic wall stress 

















ts/ min, After 1 termination n of the nitroprusside | 


E e S Novenaee as, 1900 : 


and rate-corrected velocity. of fiber shortenin; 
(Vefe, circ/s), where Vefe = %AD/ (LVET/ JRI 
%AD/LVET,. The LV end-systolic pressure was d 
mined from the incisura of the aortic micromanom 
pressure tracing. LV ejection time (ET) was measu: 
from the central aortic pressure tracing and RR =- 
interval between consecutive cardiac cycles.*4 LV ¢ 
cumferential wall stress (ec) was calculated using ‘the 
angiographically validated formula2>: 


Circumferential wall stress = 
(pressure)(geometric factor); 


D D> SR 
o. = (P)| — {| 1 ————]] (135 
KO aon O38 
where ø. is in g/cm?, P is in mm Hg, D = LV short 
axis diameter, L = LV long-axis diameter, h = LV po 
wall thickness (all in centimeters) and 1.35 is the con 
version factor from mm Hg to g/cm. 
In 6 of 7 patients, baseline contractility was deter 
mined by linear regression analysis (least squares meth 
od) using a minimum of 4 end-systolic stress-rate cor 
rected velocity of fiber shortening points acquired over a 
wide range of afterloads generated by the infusion of. 
nitroprusside. The effects of amrinone on LV contractil- 
ity and loading conditions were assessed from the posi- 
tion of the amrinone data point relative to baseline con- 
tractility line. In this context, movement along the base- 
line contractility line indicated a change in LV afterload = 
whereas a vertical shift (AVcf,) indicated a change in =- > 
contractile state.24-26 
Statistical analysis: In every patient, data acquired ae 
during the peak amrinone effect were compared to con- -< 
trol data using a paired ¢ test, with p values <0.05 con- 
sidered significant. Isovolumic relaxation (7) and late | 
diastolic stiffness (a) were calculated using a least > 
squares regression analysis. Data are reported as mean 
+ standard deviation. | 

























































RESULTS age 

Hemodynamic data: Amrinone infusion did not Be 
cause a significant change in heart rate. It did signifi- 
cantly decrease LV end-diastolic pressure, mean right. 
atrial pressure and mean pulmonary artery pressure. 
(Table I). At peak amrinone effect, LA A- and V-wave . 
pressures decreased (Table I) but were not accompa- 
nied by corresponding changes in peak or instantaneous. 
atrioventricular pressure gradients at the time of Dopp- 
ler maximal early or late flow velocities. ! 

Amrinone decreased LV circumferential end-systolic 
wall stress (afterload) by 24% (p <0.005) and end-dia- 
stolic wall stress (preload) by 47% (p <0.001). This was. 
associated with a 15% increase in rate-corrected velocity. 
of fiber shortening (p <0.01) (Table I). LV stroke vol- 
ume did not change significantly with amrinone. The. 
small amrinone-induced increase in overall LV perfor 
mance was associated with a leftward and small upward. 
shift of the end-systolic stress-rate corrected velocity. of 
fiber shortening relation from the baseline contracti 
line generated with nip 24-26: ‘This: indicat ed 
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“Pressure and flow data 


a Echocardiographic 


data 


Doppler data 


| LV systolic function 


LV diastolic properties 


- Heart rate (beats/min) 


Cardiac output (liters /min) 

Stroke volume (cm/beat) 

Peak systolic AP 

Diastolic AP 

End-systolic AP 

Mean right atrial pressure 
(mm Hg) 

Right ventricular systolic pressure 
(mm Hg) 

Mean pulmonary artery pressure 

Left atrial A wave pressure (mm Hg) 

Left atrial V wave pressure (mm Hg) 

Mean left atrial pressure 

Minimal LV pressure (mm Hg) 

LV end-diastolic pressure (mm Hg) 

Transmitral gradient at peak rapid 
filling (mm Hg) 

Transrnitral gradient at peak atrial 
filling (mm Hg) 

Transpulmonary driving force 
(mm Hg) 


ES short-axis LV diameter (cm) 


ED short-axis LV diameter (cm) 
ES LV long-axis diameter 

ED LV long-axis diameter 

ES L/D 

EDL/D 

Max E Sep (mm) 

Max A Sep (mm) 

Max E/A Sep 


Max E (cm/s) 
t-Max E (ms) 
FVI, (cm) 

E-F slope (crn) 
Max A (cm/s) 
t-Max A (ms) 
FVia (cm) 

E /A ratio 
FVie/FVia 


%AD 

ESs (g/cm?) 

EDs (g/cm?) 

Vefe (circ /s) 

A from NP line (Vcf, units) 


r (ms) 
om 


Max-dP / dt (mm Hg/s) 


i : Control 


85 +14 
3.3 + 1.2 
39 + 12 
103 + 19 
7045 
94 +19- 
9413 


47 +10 


33 +6 
2245 
19+6 
1344 
8+3 
1645 
644 


T9 


3447 


5.9407 


6.6 + 0.6 
9340.9 
9.6+ 0.8 
1.43 +0.2 
1.56 + 0.2 
2442 
23+5 
1.1 +40.2 


62 + 20 
7046 

56420 

—488 + 105 
53423 
252 + 34 
42416 
13406 

1.4340.48 


10.8 + 3.5 
229 + 41 
51+16 
0.41+0.11 

0 


26 +6 
25 + 23 
982 + 174 


Amrinone 


92418 
3.6409 
39+11 
91413 
6545 

77 4:12 
6+1 


28+5 


2043 
1546 
1246 
4+3 
943 
1043 
643 


745 


2543 


5.8 + 0.8 


6.5 40.7 
9.2 + 0.8 
9.7 +0.9 
1.45 40.2 
1.57 + 0.2 
2143 
2244 
1020.2 


48415 
8549 
46416. 
-251 £52 
65 + 30 
224 + 32 
43414 
0.9404 
1.15 +0.49 


10.9 + 3.5 
175 +32 
(27412 

0.47 +0.13 

0.03 +0.02 


22+6 
21416 
1283+ 235 


a= late diastolic. stiiness index. AP = aortic pressure; Afrom NP line = "intervention induced deviation from baseline contractility line: E/Aratio = ratio of peak E peer peak AD Doppie 
locities; ED = end-diastolic; L/D = ED LY long-axis to short-axis ratio; EDs = LV ED circumferential wali stress; E-F slope = flow deceleration slope at end of rapid filing; ES = eee 
tolic: L/D = ES LV long-axis to short-axis ratio; ESs = LV ES circurnterential wall stress; FVI, = flow velocity integral of late diastolic atrial filling phase: FVI, = flow velocity: integral. ; 
Yapid filing phase: FVI./FVI, = ratio of early and late diastolic flow velocity integrals LV = left ventricular; Max A = Doppler velocity at peak atrial filing phase; Max A Sep = maxir 
tralleafiet separation at peak atrial filling; Max-dP /dt = maximal negative dP/dt; Max E = Doppler velocity at peak rapid filling phase; Max E Sep = maximal mitral leaflet separ: 
‘peak rapid filling; Max E/A Sep = ratio of Max E Sep to Max A Sep; % AD = LV shortening fraction; t-Max E = time to peak rapid filling velocity; tax A = “tire to peas atrial line ve 
Yir = early diastolic relaxation index; Vcf, = rate-corrected acai of fiber shortening. 


) Echo- Dingle data: Amrinone resulted in : a iag 
ance was due to its 24% reduction in afterload rather cant decrease i in the early to hte T flow velogity at 
i thee r R effect. It is Fari to note j 


hai most of amrinone’s effect on overall LV perfor- 
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tion. Amrinone prolonged the time to peak E velocity 
without a change in time to peak A velocity. The ratio 
of early to late flow velocity integrals followed a pattern 
similar to the changes in peak early to late flow velocity 
ratio. Control mean LA V-wave pressure of 19 + 6 mm 
Hg and mean LV end-diastolic pressure of 16 + 5 mm 
Hg were consistent with only mild mitral regurgitation 
in the study population. In the 5 patients with echo- 
proven mitral regurgitation, amrinone did not affect the 
severity of the regurgitation in 3 of 5 whereas it de- 
creased the severity of regurgitation from 2+ to 1+ in 2 
of 5. Further evidence for the minimal effect of amrin- 
one on mitral regurgitation was its minimal effect on 
stroke volume (Table I). 

Pressure-dimension data: When compared to con- 
trol data, amrinone shifted the entire LV diastolic pres- 
sure-dimension relation downward (Figure 3). This shift 
in the diastolic pressure-dimension relation was accom- 
panied by a significant change in early diastolic relaxa- 
tion (7) in 6 of 7 patients whereas in the remaining pa- 
tient it increased from 19 to 25 ms (Figure 4). Late 
diastolic chamber stiffness (œ) did not change with am- 
rinone. 


DISCUSSION 

Assessment of left ventricular diastolic perfor- 
mance: At the heart rates encountered in this study, the 
mid-diastolic conduit phase of LV inflow was absent. 
Thus, diastolic flow consisted mainly of the early dia- 
stolic rapid filling (E) and the late diastolic, atrial sys- 
tolic filling phases (A). Moreover, because heart rate 
did not change significantly with amrinone, its con- 
founding effect on the duration of the diastolic filling 
phase could be neglected. To further understand the sig- 
nificance of our results, we attempted to correlate the 
echo-Doppler findings with simultaneously recorded 
atrioventricular micromanometer pressure data sepa- 
rately during early and late diastole. 


DOPPLER E/A RATIO 


CONTROL AMRINONE 


FIGURE 2. Individual and mean values for Doppler early to 
late flow ratio obtained under control and amrinone condi- 
tions. For the group, the early to late flow ratio decreased 
from 1.3 + 0.6 to 0.9 + 0.4 m/s (p <0.005). 
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EARLY DIASTOLIC FILLING PHASE: Our data showed a 
decrease in peak early flow velocity and the integral of 
early transmitral blood flow. These changes could be 
explained by multiple physiologic alterations. Peak right 
ventricular systolic pressure and mean pulmonary ar- 
tery pressure decreased with amrinone as did the LA V- 
wave pressure. Peak LA to LV pressure gradient did 
not change with the drug. Early relaxation (7) de- 
creased by 21% in 6 of 7 patients. A similar finding was 
reported by Monrad et al?’ using milrinone, a congener 
of amrinone, in patients with congestive heart failure. 
Thus, our observed shift in the timing of maximal trans- 
mitral blood flow from early to late diastole appears to 
be due predominantly to a decrease in transpulmonary 
driving and LA distending pressures. These decreases in 
early diastolic driving force were counterbalanced by 
the effect of the improvement in early LV relaxation.4 

LATE DIASTOLIC FILLING PHASE: LA hemodynamics 
during late diastole are complex and include such diffi- 


LV DIASTOLIC PRESSURE DIMENSION RELATIONS 
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FIGURE 3. Grouped data showing mean left ventricular dia- 
stolic pressure/dimension plots obtained during control (open 
circles) and amrinone effect (closed circles). Amrinone 
induced a significant parallel and downward shift of the 
entire diastolic pressure/dimension relation. AM = 
amrinone; CTR = control; LV = left ventricular. 


EARLY DIASTOLIC RELAXATION (TAU) 
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FIGURE 4. Amrinone induced changes in early left ventricular 
relaxation (7) in each of the 7 study patients. In 6 of 7 cases, 
an amrinone-induced improvement in 7 was observed. 
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DOPPLER INDEXES OF DIASTOLIC FUNCTION 


cult-to-quantitate factors as the rate of mid-to-late dia- 
stolic pulmonary venous return? and intrinsic LA con- 
tractile properties. Because amrinone caused a decrease 
in early LV filling with no significant change in total 
transmitral blood flow, there must have been a shift in 
the timing of predominant LV filling to late diastole. 
This is suggested by the decrease in the ratio of early to 
late flow velocity integrals as well as the ratio of early to 
late mitral leaflet separation. Although no direct intra- 
pericardial pressure measurements were recorded, the 
significant decrease in right atrial pressure and the 
downward shift of the diastolic pressure-dimension rela- 
tion suggest that factors such as decreased pericardial 
restraint or right ventricular-LV interaction, or both, 
may have played a major role in altering late LV dia- 
stolic characteristics in these patients with markedly en- 
larged hearts.!°-!4 Moreover, amrinone-induced changes 
in right ventricular end-diastolic volume could be signif- 
icant in their effect on LV diastolic properties even 
without a marked change in chamber morphology. This 
vasodilator-induced relief of restraining factors and the 
concomitant downward shift of the pressure-dimension 
curve is indicative of a change in LV operant stiffness 
rather than an alteration in intrinsic properties of the 
myocardium.’ These observations, in conjunction with 
only a minimal amrinone-induced change in LV con- 
tractile state, are in agreement with previous re- 
ports.27:30 

Possible limitations: In the exact analysis of instan- 
taneous transmitral pressure gradients a stable and con- 
sistent position of the micromanometer transducer with- 
in the LV cavity is important. In all of the study pa- 
tients, the tip of the LV micromanometer catheter was 
placed within the midportion of the globular ventricular 
cavity. Because amrinone did not alter LV geometry (as 
measured by the end-diastolic long-axis to short-axis ra- 
tio, Table I), it is highly unlikely that a major change in 
the location of the intraventricular micromanometer 
transducer occurred in our patients during drug infu- 
sion. To further eliminate the possibility of artifactual 
LA-LV gradients, premature ventricular contractions 
were introduced to allow for the exact alignment of LA 
and LV pressures during the latter phase of the pause 
after extrasystole. This allowed establishment of com- 
mon pressures on either side of the mitral valve at a 
time of minimal transvalvular blood flow. Moreover, all 
measurements were performed at end-expiration to 
avoid respirophasic changes in catheter position. 

Clinical implications: This study represents the first 
time that echo-Doppler data were combined with simul- 
taneous direct LA and LV micromanometer pressure 
recordings in a group of patients with dilated cardiomy- 
opathy. The amrinone-induced vasodilation and proba- 
ble relief of external restraining factors in conjunction 
with improvement in early LV diastolic relaxation re- 
sulted in complex changes in hemodynamics, shifting 
transmitral flow from early to late diastole. Relying on 
a widely accepted Doppler index such as the early to 
late flow ratio leads to conclusions that are diametrical- 
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ly opposed to the actual hemodynamic changes. This is 
further evidence that a simplistic approach to Doppler- 
derived indexes of transmitral flow as measurements of 
LV diastolic properties needs reassessment. Additional 
human studies using combined high-fidelity transmitral 
pressure measurements and echo-Doppler recordings 
are needed to accurately define the factors governing 
transmitral blood flow. 
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Reduced Exercise Capacity of Chronic 
Obstructive Pulmonary Disease Patients 
Exercising with Noseclip/Mouthpiece 
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A noseclip and low resistance mouthpiece are often 


used to monitor exhaled gases during exercise. Be- 
cause otolaryngologic studies suggest that 50% of 
airway resistance is in the nose and mouth, it was 
hypothesized that patients with advanced chronic 
obstructive pulmonary disease might be artifactual- 
ly limited by exercise testing with a noseclip and 
mouthpiece. Accordingly, 12 patients with stable 
chronic obstructive pulmonary disease performed 
identical symptom-limited supine bicycle exercise 
tests with and without noseclip and mouthpiece. 
Right-sided cardiac hemodynamic measurements, 
radionuclide ventriculography and arterial and 
mixed venous gas sampling were performed during 
each exercise test. Exhaled gases were analyzed 
during the noseclip/mouthpiece exercise. The order 
of exercise tests was alternated. Comparing exer- 
cises with and without a noseclip, there were sig- 
nificant reductions in exercise duration (397 + 270 
vs 300 + 230 seconds, p <0.01), exercise oxygen 
consumption (780 + 279 vs 638 + 200 ml/min, p 
<0.01) and exercise cardiac output (8.4 + 2.7 vs 
7.3 + 2.0 liters/min, p <0.05), an increase in right 
ventricular ejection fraction (0.39 + 0.08 vs 0.43 + 
0.08, p <0.01) and no change in exercise heart 
rate (106 + 14 vs 106 + 14), right-sided cardiac 
pressures or arterial and mixed venous blood gas- 
es. These data suggest that a noseclip/mouthpiece 
can limit exercise tolerance in advanced chronic ob- 
structive pulmonary disease patients. This limita- 
tion may result from decreased right-sided cardiac 
preload (venous return). 

(Am J Cardiol 1989;64:1180-1184) 
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the second leading cause of disability in the 

United States.! Despite extensive study, the 
pathophysiologic mechanisms of exercise limitation in 
this condition are subjects of considerable debate.?-!! 
We have recently reported data of a correlative nature 
from 26 COPD patients performing symptom-limited 
exercise; those data supported the concept that right- 
sided heart function was an important part of the exer- 
cise limitation of this widely prevalent disorder. How- 
ever, many pulmonary authorities have stated that 
COPD patients are limited during exercise primarily by 
ventilatory mechanics.>-© In COPD, one of the major 
ventilatory abnormalities is a pathologically increased 
airway resistance.? Physiologic studies suggest that 
<50% of total airway resistance for normal subjects is 
in the nose and mouth.!®.!! Although this proportion 
may be less in patients with COPD, we hypothesized 
that a noseclip/low resistance mouthpiece might signifi- 
cantly impair exercise performance in patients with ad- 
vanced airflow obstruction.!?-!4 This idea has been sup- 
ported by complaints of dyspnea when a noseclip/ 
mouthpiece was used for exercise exhaled gas measure- 
ments. To investigate this possibility, we measured car- 
diac and gas exchange parameters in a group of stable 
COPD patients who exercised on a supine bicycle with 
and without a noseclip. This prospective study of symp- 
tom-limited exercise was designed to ask: (1) does a 
noseclip and low resistance mouthpiece cause a stable 
patient with advanced COPD to have reduced exercise 
capacity? (2) if exercise capacity is reduced, what car- 
diopulmonary parameters are also altered? and (3) in 
what ways does this ventilatory maneuver appear to af- 
fect circulatory function? 


Cones obstructive pulmonary disease (COPD) is 


METHODS 

This study and the consent form used for it were 
reviewed by the University of Colorado Human Sub- 
jects Committee. Twelve male patients with stable, 
moderate-to-severe obstructive airways disease partici- 
pated. All were clinically stable for 21 week. All had 
spirometry within 1 month of the study that showed a 
forced expiratory volume in 1 second <66% predicted 
(Table I).!5 The 3 patients with forced expiratory vol- 
ume in 1 second/forced vital capacity ratio >70% had a 
total lung capacity >80%, to exclude concomitant re- 
strictive lung disease (that is, reduced forced vital ca- 





likely due t to air ai. 16 Patients were ex- 

if they had any other cardiopulmonary condition 
might be likely to limit their exercise capacity more 
their COPD or if it were deemed unsafe for them 
exercise. Patients with prior coronary bypass surgery 
‘coronary angioplasty, who were not limited by angi- 
and had left ventricular ejection fraction >0.35, were 
excluded. Because patients were to serve as their 
controls, their medications were not adjusted. All 
ents were receiving a theophylline preparation; none 
re receiving chronic oxygen or corticosteroid prepara- 








’atients came to the cardiac catheterization labora- 
tory in the fasting state without premedication. Gated 
first-pass and gated blood pool radionuclide ventriculog- 
phy rere performed by techniques that have been de- 
ed. in detail. ™-'? Radionuclide ventriculography 
performed before catheterization so that red cell 
labeling could occur before the introduction of any hep- 
arin (1,000 U/1 liter of flush solution for arterial and 
right-sided cardiac lines). : 

-= After local lidocaine anesthesia, the right or left i in- 











ternal jugular vein or right basilic vein was cannulated . 


percutaneously and an 8 Fr sheath (Cordis) positioned 
in it. Through the sheath a 7 Fr balloon flotation cathe- 
ter (Swan-Ganz American Edwards) with thermodilu- 
tion cardiac output measuring capability was passed 
through the right-sided cardiac chambers to the pulmo- 
nary artery using fluoroscopic control. The right radial 
artery was percutaneously cannulated with a 20 gauge 
over-the-wire (Arrow) system. Both ports of the Swan- 
Ganz catheter and the radial catheter port were con- 
nected to pressure transducers (Electromedix) that were 
at the right atrial level. Electrical mean pressures aver- 
aged over at least 2 respiratory cycles are reported for 
right atrial pressure, pulmonary artery pressure, pulmo- 
nary wedge pressure and radial artery blood pressure. 
Cardiac output was measured at least in triplicate for 
resting measures and at least in duplicate for exercise 
stages using a thermodilution computer (American Ed- 
wards). Arterial and mixed venous samples were drawn 
for direct measurement of oxygen saturation and ten- 
sion, carbon dioxide tension, pH, hemoglobin and arte- 
rial oxygen content (CaO) (Instrumentation Labora- 
tories). 

- During the noseclip /mouthpiece run (rest, feet up, 
praded, symptom-limited exercise), exhaled gases were 
collected through a low resistance mouthpiece (Rudolph 
Low dead space 2-way pulmonary valve, 1 1/8-inch in- 
ternal diameter) into a physiologic cart (Beckman) that 
has on-line measurement of minute ventilation, oxygen 
consumption, carbon dioxide production and respiratory 
exchange ratio. The cart is calibrated against 2 test gas- 
es s before. each use. 

-The exercise protocol was similar to that which we 
have previously reported.*!8 Specifically, after measure- 
ment of all parameters at rest with the patient supine, 
et were positioned in the stirrups of a Quinton 
) ts. bi cycle that attaches to the catheterization 

able. After 2 minutes for equilibration, re- 


+ 


obtained. T he an then 
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TABLE I Study Population 



































Pt 

Age FEV; f FVC 

(yrs) FEV; (%) TLC 

74 1.82 (51) 56 

67 1.00 (32) 44 

70 1.75 (64) 68 6.21 (95) 
54 1.26 (39) 63 

57 1.15 (37) 7i 5.25 (82) 
63 1.23 (45) 66 6.49 (110) 
64 1.08 (38) 80 7.26 (115) 
44 1.98 (51) 46 8.93 (125) 
69 1.1 (41). 42 

63 2.37 (64) 74 6.33 (81) 
62 0.97 (32) 64 6.06 (92) 
71 2.54 (65) 65 8.88 (119) 


FEV, = forced expiratory volume in 1 second (liters) (% predicted) FEV EVO © = | 
forced expiratory volume in 1 second /forced vital capacity; LVEF = left ventricular: 
ejection fraction; TLC = total lung capacity (liters) (% predicted). 


began pedaling at 100 or 200 kpm/min ae ona. - 
preliminary assessment of exercise capacity. After 2 _- 
minutes of exercise to achieve steady state, pressure = - 
measurements, cardiac output measurement and radio- 
nuclide image acquisition were begun. Data acquisition « — 
requires 2 minutes so full stages are 4 minutes long. If — 
the patient felt able to go to the next higher stage, after 
4 minutes the workload was increased by 100 or 200. 
kpm/min. Patients stopped exercise when they felt they = 
could go no further. Arterial and mixed venous gas — > 
sampling were obtained only in the final stage. Exhaled 
gases were collected throughout the noseclip/mouth- = = 
piece exercise. Odd-number patients performed the ex- 
ercise without noseclip first; even-number patients per- < 
formed the noseclip/mouthpiece exercise first. In either — 
case, after the first exercise, the feet were removed from 
the bicycle stirrups and patients were allowed to rest for 
30 minutes. Return to baseline was confirmed by heart — 
rate and pressure measurements. The second cycle (no _ 
seclip/mouthpiece or without noseclip) of rest, feet up, 
graded symptom-limited ergometry was then pero = —— 
formed. After the second exercise and return to baseline = 
heart rate and respiratory rate, the catheters were with- 
drawn and hemostasis established with manual com- — 
pression. There were no complications of any of the pro- 2 
cedures or exercise tests in this study. : 
Statistical analyses were performed on an IBM 
PC computer using the SYSTAT program (SYSTAT, 
Inc.). Mean rest and exercise values for the room air 
versus noseclip runs were compared using the paired t ~ 
test. Univariate linear regression was used to compare. __ 
all parameters against oxygen consumption for the 2 ex- 
ercises. Stepwise multivariate regression was used to- 
find the best combination of parameters to correlate 
with oxygen consumption. : 


As shown in Table II, the only resting difference be: 
tween breathing with and without a noseclip was a high- 
er mean radial artery pressure (blood pressure 102 + 14 
vs 95 + 14 mm Hg, p <0.05) for noseclip breathin 

Exercise parameters: Because the oxygen cons 
tion was. directly measured only during. the exha 




















tar tand Exe reise Comparison of Room Air Versus Noseclip 


Rest 
Without With 
Noseciip Noseciip 


64413 












foe im measurement, we compared the oxygen consumption 
`= ~galeulated from the thermodilution cardiac output and 
. — measured arteriovenous oxygen content difference with 
_ the measured oxygen consumption. The correlation be- 

~ tween measured and calculated oxygen consumption 
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Duration ~- — — 397 + 270 300 + 230 <0.01 
VO% 234 + 32 244 + 53 NS 780 + 279 658 + 200 <0.01. 

. |... Cardiac output (liters /min) 44413 4541.1 NS 8.44 2.7 7.3420 <0.05 

As ples 0.40 + 0.09 0.40 + 0.10 NS 0.39 + 0,08 0.43 + 0.08 <0.01 
LVE 0.56 + 0.10 0.56 + 0.12 NS 0.61 + 0.12 0.60 + 0.14 NS 
E Heart rate (beats/min) 0.73 + 16 75416 NS 106 + 14 106 + 14 NS 
-| Radial artery blood pressure (mm Hg) 95414 102 + 14 <0.05 118+ 16 118+ 17 NS 
[| PAP (mm Hg) 2244 2245 NS 40 +8 41410 NS 
| RAP (mm Hg) 5+2 442 NS 1245 1244 NS 
1. paOz (mm Hg) 5647 57 +6 NS 5048 5146 NS 
~.paCO2 (mm Hg) 3545 3647 NS 3645 3747 NS 
SvO2 (%) 6345 6444 NS 40 +10 41410 NS 


5.6 1.4 


E s z Tavo- = PEET venous oxygen content difference; LVEF = left ventricular ejection fraction; NS = not significant; paCQ» = arterial carbon dioxide tension; paO2 = = arterial i “| 
a oxygen: tension; PAP = mean pulmonary artery pressure; RAP = mean right pulmonary atrial pressure; RVEF = right ventricular ejection fraction; SvOz = mixed venous oxygen [> i 
7 Saturnon, VO = oxygen consumption (ml/min) calculated from cardiac output and Ca-VOz. l 





ercise acquisitions with or without noseclip. Comp 
the exercise data, there was SA 
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was highly significant (r = 0.88, p <0.000001). There | 
was a Statistically significantly higher calculated oxygen 
consumption during exercise without noseclip (780 + | 
279 ml/min) that the noseclip/mouthpiece exercise 
(658 + 200 ml/min, p <0.01). Patients exercised longer . 
during the exercise without noseclip (397 + 270 sec- 
onds) than during the noseclip/mouthpiece exercise | 
(300 + 230 seconds, p <0.01). The exercise cardiac- 
output was higher during the exercise without noseclip 
(8.4 + 2.7 liters/min) than the noseclip/mouthpiece ex- 
ercise (7.3 + 2.0 liters/min, p <0.05). | 
There was no significant difference between exercis- 
es with and without noseclip in heart rate, blood pres- 
sure, pulmonary artery pressure and right atrial pres- ` 
sure. All 12 patients had >10 mm Hg pulsus paradoxus | 
during both exercises. There were no significant differ- 
ences in the respiratory swings of right atrial pressure, 
wedge pressure or radial artery pressure comparing the 
exercises with and without noseclip. There were no sige 
nificant differences between exercises with and without _ 
noseclip in arterial oxygen tension, arterial carbon diox- 
ide tensions, mixed venous oxygen saturation or arterial- 
mixed venous oxygen content difference. = 
Radionuclide data: The radionuclide study jon bee 
patient was not technically acceptable for analysis due 
to arrhythmia. Gated first-pass and gated blood pool — 
resting studies were performed in the remaining 11] pa- 
tients. The resting right ventricular ejection measure- . 
ments made by these 2 methods correlated closely m= 
11, r = 0.86, p <0. 0001). The right ventricular ejection 
fraction during exercise without noseclip (0.39 + 0.08) 
was lower than the right ventricular ejection fraction 
during noseclip/ mouthpiece exercise (0.43 + 0.08, p 
<0.01). The exercise left ventricular ejection fraction 
was not different for the 2 exercises (0.61 + 0. 12 y 
0.60 0.14). 8 
There were no dptifieani differences between left 
and right ventricular stroke counts for either rest or. ex- 














87 + 1 448. p > <0. òn. The daai in right ven- 
end-diastolic counts did not achieve statistical 
ance. Of the 7 patients who had a >38 ml exer- 
€ xygen consumption difference comparing with and 
thout - noseclip exercises and analyzable radionuclide 
5 of 7 had reduction in right ventricular end-dia- 
unts and 6 of 7 had reductions in left ventricu- 
diastolic counts during noseclip exercise. 
wrelations of exercise parameters: The peak 
cise oxygen consumption correlated with exercise 
ke. volume for both room air (r = 0.46) and nose- 
‘mouthpiece (r = 0.48) exercises and inversely with 
ed venous saturation for both room air (r = 0.70) 
noseclip /mouthpiece (r = 0.64) exercises. Exercise 
‘alues. for heart rate, blood pressure, pulmonary artery 
essure, right atrial pressure, pulmonary wedge pres- 
rterial oxygen tension and right ventricular ejec- 
fraction did not correlate with oxygen consumption 
for either exercise. Neither did changes in oxygen con- 
sumption correlate with changes in heart rate or right 
ventricular ejection fraction. There was a significant 
correlation between change i in right ventricular end-dia- 
stolic counts and change in exercise duration comparing 
room air to noseclip exercise (r = 0.57, difference not 
significant). 

Stepwise multivariate analysis determined for the 
exercise without noseclip yielded an r = 0.93 and an 
adjusted r? = 0.84 for the stroke volume and mixed ve- 
nous oxygen saturation against oxygen consumption. 
Stepwise multivariate analysis determined for the nose- 
clip/mouthpiece exercise yielded an r = 0.95 and an 
adjusted r? = 0.87 for the stroke volume, mixed venous 
oxygen saturation and blood pressure against oxygen 
consumption. 


DISCUSSION 

We demonstrate that a group of patients with stable, 
moderately severe COPD have significantly reduced su- 
pine exercise capacity (oxygen consumption 638 + 200 
vs 780 + 279 ml, p <0.01) when exercising with a nose- 
clip and low resistance mouthpiece compared with un- 
encumbered breathing. This reduction in functional ca- 
pacity does not appear to be a function of reduced effort 
because both exercises were symptom-limited and the 
patients exercised to comparable heart rates (106 + 14 
vs 106 + 14 beats/min), blood pressures (118 + 16 vs 
118 + 17 mm Hg) and mixed venous oxygen saturation 
(40 + 10 vs 41 + 10%) during the exercises with and 
without a noseclip. 

‘The cardiac output was significantly reduced during 
the noseclip exercise compared with the unencumbered 
breathing exercise (7.3 + 2.0 vs 8.4 + 2.7 liters/min, p 
<0.05). By the analysis of Stetz et al,” this is probably 
a clinically significant difference despite the small num- 
ber of patients. There was a trend toward a lower stroke 
vO ume oe the eae exercises (59 + 15 vs 79 + 
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Cardiac output can be altered aby. changa i in hear 
stroke volume or both. Stroke volume can | be cl 












and cardiac output occasioned by the noseclip becuse : 
there was no significant difference in the left ventricular 
ejection fractions (0.61 + 0.12 vs 0.60 + 0.14) and an 
increase in right ventricular ejection fraction with nose- 
clip (0.39 + 0.08 vs 0.43 + 0.08). i 
Afterload differences could have influenced our re- 
sults; however, neither the pulmonary pressure (40 + 8- 
vs 41 + 10 mm Hg) nor the radial artery pressures (118 
+ 16 vs 118 + 17 mm Hg) are different between the 2 
exercises. Nevertheless, because of the lower cardiac 
output during noseclip breathing, pulmonary or system- 
ic resistance and impedance may have been increased. 
during noseclip exercise.*! However, it is exceedingly 
unlikely for increased right ventricular afterload alone 
to cause decreased stroke volume but an increased right 
ventricular ejection fraction. Also, the lack of difference — 
between the 2 exercise left ventricular ejection fractions — 
does not support a major difference in left ventricular 
afterload in terms of wall stress, impedance or resis- 
tance. Therefore, although an influence of afterload- 
cannot be excluded, it is unlikely to be the major cause- 
of decreased exercise cardiac output during noseclip ex- 
ercise. Se 
The mechanism that is most likely to have caused == 
the decreased stroke volume and increased right ventric- == 
ular ejection fraction is a decrease in preload.” De- — > 
creased preload to the right heart should be accompa- 
nied by a decreased end-diastolic volume (the de- = 
nominator of the ejection fraction). This decline in end- _ a 
diastolic volume is supported by lower end-diastolic 
counts in 5 of 7 patients with decreased oxygen con- 
sumption and analyzable right ventricular radionuclide = 
data. It is also supported by the significant correlation 
between change in right ventricular end-diastolic counts 
and change in exercise duration. are 
Figure 1 shows possible ways in which a ventilatory ce 
maneuver such as the noseclip might influence venous- 
return. Because the noseclip is associated with increased _ 
airway resistance, to maintain air flow, it is likely that 
at exercise it is associated with some change in intra- ~ 
pleural pressure dynamics. Because we did not measure 
intrapleural pressures or inspiratory or expiratory flows, 
we do not know if the pressure was higher or lower or 
whether there were greater respiratory variations. Using ae 
the 2 forces described by Guyton et al? (force from in — 
front or vis a fronte and force from behind or vis a ter- - 
go) to consider possible interactions, there are at least 3 | 
potential mechanisms by which a ventilatory maneuver. 
might impede venous return: (1) reduced negative intra- 
thoracic pressure would lead to less thoracic suction of 
blood (vis a fronte decreased respiratory pump); (2) in- 
creased positive intrathoracic pressure would constitute 
a reversed thoracic pump (vis a fronte) (“reversed tho- : 
racic pump” is sometimes used to refer to increased le 
ventricular afterload with decreased intrathoracic “pres 
sure); and (3) less reflex vasoconstriction migl el 




































































7 stemic pressure and thus lower gradient for 
enou ‘return (vis. a tergo). | 
-> The concept that impaired venous return can lead to 
<- decreased cardiac output, decreased exercise capacity 
and the symptom of dyspnea is not new. Varat et al’ 
used direct measurement of cardiac output to show nor- 
mal outputs at rest but a relative reduction at exercise 
in 5 patients with prior inferior vena caval interruption. 
<:> More recently, Miller and Staats?” reported 4 patients 
who had undergone inferior vena caval interruption and 
_ had dyspnea out of proportion to mild pulmonary func- 
~ ton test (including diffusion capacity) abnormality. All 
_ 4 patients in their series had markedly reduced exercise 
`- oxygen consumption despite decrease in dead space to 
© tidal volume ratio with exercise and absence of arterial 
_ hypoxemia (the latter 2 findings strongly negate recur- 
rent emboli as the cause of dyspnea). In another study, 
< Dodd et al% noted that abdominal strapping led to a 
_ marked impairment of exercise capacity in 7 patients 
with severe COPD. Although ventilatory volumes were 
not changed and there was no evidence for respiratory 
muscle fatigue, they*® speculated that dyspnea and ex- 
_-ercise limitation accrued from changes in chest wall me- 
chanics. The data from our study raise the question of 
_.. whether the patients of Dodd et al were limited by a 
~~ -mechanical impediment (abdominal strap) to venous re- 
turn. 
.. This study is different in that we were not looking at 
a single inspiration or a maneuver over several seconds 
(e.g., Mueller or Valsalva).?’-°° Rather, all the data are 
averaged over 2 minutes.*?°° A second difference from 
most modeled studies is that our patients were sponta- 
neously breathing, closed chest and nonanesthetized. 
Most studies of ventilatory influences on circulation 
suggest that 2 important effects derive from alterations 
in left ventricular afterload or right ventricular preload, 
- or both.??30 Given the proportional difference that a 10- 
mm Hg swing in intrapleural pressure, for example, 
-would have on left ventricular afterload (where 10 mm 
-< Hg represents approximately 10% of mean aortic pres- 
~~. gure) and right heart preload (where 10 mm Hg may 
~~ represent 100% of driving pressures for blood from pe- 
__ fiphery to right atrium), it is reasonable to consider that 
< -the right-sided consequence might be more hemody- 
_. namically significant. 
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To joie the effect of timing on the antiplatelet 
action of aspirin, a constant mean amount of 40 mg 

spirin/day was administered either as a split regi- 
men f 20 mg twice daily, a single dose of 40 mg 
or a doubled dose of 80 mg every other day for 1 
we l koach and compared to a current standard low 
dose regimen of 324 mg/day. Bleeding time, serum 
thromboxane, collagen-stimulated platelet aggrega- 
tion and associated thromboxane formation and ex- 
cretion of thromboxane and prostacyclin metabo- 
lites were measured both at peak and trough action 
of the drug. The inhibitory effects on platelet ag- 
gregation and associated thromboxane formation 
were significantly less marked with the split dose 
regimen, intermediate with the single dose of 40 
mg aspirin/day and best with the alternate day 
doubled dose, but still inferior to the effects of 324 
mg/day. Thromboxane excretion was sup 7 
by >80% with all regimens. Prostacyclin metabo- 
ite excretion was similar for all 40 mg/day regi- 
mens with about 40% suppression at trough and 
50% at peak drug action, respectively. Suppression 
was more pronounced after 324 mg/day. For best 
platelet inactivation at comparable sparing of 
prostacyclin formation, low doses of aspirin should 
be administered in pulsed rather than split 
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, Dosing ¥ Versus Split Dose Administration 
of Aspirin 


o Reinhard L. Lorenz, MD, Barbara Boehlig, CTA, Waltraud M. Uedelhoven, MSc, 
ws and Peter C. Weber, MD 


regimen. 


tion and thromboxane formation by aspirin from. 

an unwanted, simultaneous suppression of pros- 
tacyclin, very low dosing and slow release preparations 
of aspirin have been advocated. The proposed rationale 
behind these approaches was a higher sensitivity of 
platelet cyclooxygenase to acetylation and selective ex- 
posure of platelets to aspirin only when passing through 
the portal circulation during resorption of low doses that 
are largely cleared by the liver on first pass.!* Intermit- 
tent dosing—making use of the different time course of 
cyclooxygenase recovery in platelets that are inactivated 
for their life span and in the vessel wall that can resyn- 
thesize the enzyme—-should allow even better separa- = = 
tion of the dual actions of aspirin.*4 However, up to... 
now the effects of the distribution in time of a given = 
mean daily dose of aspirin have never been investigated 
systematically. We therefore studied platelet function = < =- 
and the formation of thromboxane and prostacyclin. = = 
during administration of 40 mg aspirin/day, either asa == 
split dose, single daily dose or alternate day double-dose 


T: differentiate the inhibition of platelet aggrega- 


METHODS . 
Seven healthy, nonsmoking volunteers abstained — 
from any other medication from 2 weeks before until | 
completion of the protocol. They were started on 4 con- 
secutive regimens of aspirin each to be taken for 1 week: 
first, 20 mg aspirin twice daily taken at 8am and 8 | 
P.M., then 40 mg every day, followed by 80 mg aspirin = 
every other day, and finally 324 mg every day taken at=- 
8 A.M. The medication, an appropriate aliquot of a com- | 
mercially available buffered aspirin preparation (Alka- 
Selzer®), was dissolved in water and taken before meals. © 
Control data were collected on the day before starting — 
the medication, intervention data after 1 week on each 
regimen and wash-out data 2, 4 and 6 days after stop- 
ping the medication. Fasting blood samples, represent- 
ing trough action of each regimen, were drawn at 8 aM. 
(i.e., 12, 24 or 48 hours after the preceding dose, respec- 
tively). The last dose was then taken and blood samples 
representing peak action were drawn exactly 1 hour la 
er. Urine samples representing trough and peak action, 
respectively, were collected during the 8 hours before: or 
after the last dose of each regimen. | 
Subaqual bleeding time was measured after a ‘sta 
dardized skin prick with an automatic device. . Platele 
aggregation was assessed in platelet-rich plasm A dj t- 





imulated with 2 con- pe 


Associated thromboxane for- 

was - measured by radioimmunoassay after 

| ntrifugation of platelet-rich plasma and solvent ex- 
action of the supernatant. Serum thromboxane 
was measured by radioimmunoassay after standardized 
blood clotting? Urinary thromboxane excretion was 
measured by radioimmunoassay with a high titer 
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metabolite of avarice thromboxate:i in “urine: 
tion of 2,3-dinor-6-keto-PGI,, the index metabolite 
systemic prostacyclin formation in urine, was meast 
by gas chromatography-mass spectrometry of the. m 
oxime-trimethylsilyl-ether-pentafluorobenzyl-ester ` d 
rivative in the negative chemical ionization mode and | 
quantified by the molecular peak (m/z 586/ 590) on a 
Finnigan Mat TSQ 70 mass spectrometer. a | 

The differences between the various 40 mg regimens 
were first tested by nonparametric analysis of varia 
according to Friedman.’ Data at peak and trough actio 
of the drug were analyzed separately. If a significa 
heterogeneity among the treatment regimens was found, 
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he effects of the various aspirin regimens on bleed- 
ime and platelet aggregation are shown in Figure 1. 
inistration of aspirin in 2 divided doses of 20 mg 
id not prolong bleeding time over control values. 









trol. Jevels when stimulated by a low dose of 
, but was unchanged for a high dose of collagen. 
were no differences between. peak and trough ac- 
of the drug when given as 20 mg twice daily. Ad- 
stration of aspirin as a single daily dose of 40 mg 
lo ed bleeding time 1 hour after dosing, but not 24 
ter the preceding dose. Platelet aggregation in- 
ith low-dose collagen was reduced two-thirds at 

ough 2 ction and over 95% 1 hour after dosing, where- 
as when induced with high-dose collagen it was im- 
paired 40 and 60%, respectively. Alternate day adminis- 
tration of the doubled dose increased trough and peak 
bleeding times, completely inhibited aggregation on 
low-dose collagen and on high-dose collagen at peak ac- 
tion and partially inhibited aggregation at trough ac- 
tion. With daily dosing of 324 mg aspirin inhibition was 
also complete at trough action. Aggregation stimulated 
with low-dose collagen had not yet reached predosing 
control levels 6 days after cessation of the 324 mg dose. 

-The effects of the various aspirin regimens on 
thrombaxane formation associated with platelet aggre- 
gation or clotting are given in Figure 2. Serum throm- 
boxane was inhibited >95% at all times by all regimens, 
with only a slight trend to increasingly complete sup- 
pression from the divided to the alternate day regimens. 
Thromboxane formation stimulated with low-dose colla- 
gen was more discriminating. Peak inhibition was only 
about 80% on the 20 mg twice daily regimen but >95% 
with once daily 40 mg or alternate day 80 mg adminis- 
‘ration. Trough inhibition was only complete with the 
324 mg/day dose. With the high dose collagen stimulus 
‘he pattern in peak inhibition was similar but less 
marked. Trough levels were highest for the alternate 
Jay regimen and only completely suppressed by 324 
ng/day. Recovery was still incomplete at 6 days after 
stopping the drug. 

The effects of all regimens on urinary excretion of 
),3-dinor-6-keto-PGFla, the index metabolite of in vivo 
iystemic prostacyclin formation, and on immunoreac- 
ive thromboxane excretion are shown in Figure 3. Di- 
rided dose, single dose or alternate day double dose ad- 
ninistration of 40 mg/day aspirin always caused a com- 
arable approximately two-third peak suppression of 
wostacyclin. Recovery of prostacyclin production at 
rough drug action appeared to increase with the length 
f the dosing interval and was best with the alternate 
la regimen. Residual levels of prostacyclin metabolite 
ion were only about half as high at peak action of 
1g /day regimen. In contrast, thromboxane ex- 
comparably reduced about 80% by all regi- 
mes. ‘Predosing control levels of prosta- 
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stopping the 324 hoy jase whee trom 
cretion was still reduced by two-thirds. 


DISCUSSION : 
Although the profound and sustained suppres 

platelet function by very low doses of aspirin ha 

known for a long time!! and a trend toward a red 












with 300 mg/day,'* higher doses were used in subst 
quent trials at the cost of increased side effects, bi 
without superior benefit.'3 This was only questioned 
with the discovery of thromboxane and prostacyclin and 
the dual action of aspirin on these antagonistic prosta- A 
noids of the platelet and the vessel wall.!4 a 
Clinical benefit from aspirin is now firmly estab- 
lished in unstable angina, myocardial infarction ando 
aortocoronary bypass surgery, and appears likely in pri- 
mary and secondary prevention. Positive trials were 
conducted with low-dose regimens ranging from 100 to 
324 mg/day.'>-!? Side effects have been rare in thi: 
dose range, but with the extension of aspirin use to larg 
er populations and prolonged times the lowest cumula- 
tive dose with optimal antithrombotic action is still of | 
concern. 
With single daily administration the aspirin an 
needed for near-complete suppression of serum throm- 
boxane formation with best differential sparing of pros- TEES 
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_ tacyclin ha 
-mately 0.5 m dy, the antiplatelet ef- 
© fects of this aily de aspirin were dady 
oo -shown to depend on the time pattern of administration. 
A though reduction of serum thromboxane and urinary 
thromboxane excretion was similar for all 40-mg regi- 
prolongation of bleeding time and inhibition of 
‘aggregation was significantly less pronounced 
he dose was split and appeared to be enhanced 
when the doubled dose was given every other day. In 
ation of prostacyclin formation no differences 
een in peak action between the various 40-mg 
mens and recovery at trough action tended to in- 
with the prolonged interval in the alternate day 












veral conclusions may be drawn. Serum throm- 
1¢, often used alone as a convenient parameter in 
g studies, does not adequately reflect effects of as- 
on bleeding time or platelet aggregation. There- 
fore, a combination of tests should be applied in com- 
< paring the pharmacologic effects of various regimens. a 
At a given cumulative dose platelets are more reliably 
-inactivated by less frequent exposures to higher concen- 
trations of aspirin than more frequent exposures to low- 
er concentrations. Conversely, residual endothelial pros- 
~ tacyclin appears not to be critically influenced by the 
exact single dose in that low range and tends to recover 
with the longer dosing interval. Therefore, both better 
inhibition of platelet function and preservation of pros- 
-= tacyclin formation favor the intermittent pulsed rather 
than the split administration of the same cumulative 
dose of aspirin. 
However, prolongation of dosing intervals beyond 2 
-to.3 days does not seem prudent. This can be derived 
He from the marked recovery of platelet aggregation be- 
- tween days 2 and 4 after cessation of the 324 mg/day 
regimen, despite a still largely suppressed thromboxane 
generation on day 4. A low proportion of new platelets 
entering the circulation after a short lag time will suf- 
fice to recruit and foster the old, inactivated platelets 
with cyclooxygenase products during clot formation.” 
A submaximal effect on platelet function appears an 
ns unacceptable trade-off for a marginally better differen- 
tial effect on prostacyclin and thromboxane metabolite 
excretion. 

_ < Finally, it appears that a mean dose of aspirin some- 
what >40 mg/day is necessary for plateau inhibition of 
: platelet aggregation, although suppression of prostacy- 

ee clin will inevitably be more pronounced then also. The 
---§-fold dose range from 40 to 324 mg/day was not tested 
in this trial, but we know that the effects of 80 to 100 
i mg / day aspirin on platelet aggregation are equal to the 
effects of 600 or 1,000 mg/day and prostacyclin is pre- 
a Enea bout 50% at the lower dose.”>”° Therefore, the 
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a A dose-ranging study of the antiplatelet effect of enteric coated aspirin 
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/ARDIZEM: A FULLER LIFE 


A remarkable safety profile'* 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*”’ 


The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product 2 


Compatible with other antianginals* 


*CARDIZEM® (diltiazem HCD is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 


‘See Warnings and Precautions. 


Please see brief summary of prescribing information on the next page. 1419H8 




















BRIEF SUMMARY 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI} 
30 mg, 60 mg. 90 mg and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker. (3) 
patients with hypotensian (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 
WARNINGS 

1. Cardiac Conduction, CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1.243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dase of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4 Acute Hepatic Injury. in rare instances. significant 
elevations in enzymes such as alkaline phosphatase. LDH. 
SGOT. SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases. but 
probable in some. (See PRECAUTIONS } 

PRECAUTIONS 

General. CARDIZEM idiltiazem hydrochloride} is extensively 
metabolized by the liver and excreted by the kidneys and in 
hile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. in subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. in special subacute hepatic 
studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. in dogs. doses of 
20 mg/kg were also associated with hepatic changes. however. 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects. 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS } 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transtormation by cytochrome P-450 mixed function oxidase. 


CARDIZEM 
diltiazem HCI/Marion 


Usual maintenance dosage range: 


Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 
with renal and/or hepatic impairment, may require adjustment 
when starting or stopping concomitantly administered CARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride} 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50%. 
if combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1.200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller. nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome 
P.450. the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels. it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice. rats, and rabbits. Administration of doses ranging 
from five to ten times greater fon a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses. in some studies. have been reported 
to cause skeletal abnormalities. in the perinatal/postnatal 
studies. there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women. 
therefore. use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. if use of CARDIZEM is deemed essential. an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
gut to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded. 
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in domestic placebo-controlle _ the 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of caicium influx inhibition. in many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as weil as their frequency of presentation 
are: edema {2 48%), headache (2.1%), nausea {1.9%}, dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). in addition, the following 
events were reported infrequently (less than 1°). 
Cardiovascular’ Angina, arrhythmia. AV block (first degreei, 
AV block (second or third degree—see 
conduction warning). bradycardia. 
congestive heart failure, flushing. 
hypotension, palpitations. syncope. 
Amnesia, depression. gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia. personality change, 
somnolence, tinnitus, tremor. 

Anorexia. constipation. diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase. SGOT, SGPT. and 

LDH (see hepatic warnings). vomiting. 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other: Amblyopia. CPK elevation, dyspnea. 
epistaxis, eye irritation, hyperglycemia. 
nasal congestion. nocturia, osteoarticular 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia. gingival 
hyperplasia, erythema multiforme. and leukopenia, However. a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 
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Nervous System: 


Gastrointestinal: 


Dermatologic: 


See complete Professional Use information before prescribing. 
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he administration of antiarrhythmic drugs is 
-the first and most frequently used approach to 
-therapy of patients with ventricular arrhythmia. 
e presence of runs of nonsustained ventricular tachy- 
dia on ambulatory monitoring is associated with an 
creased risk of sudden cardiac death in some groups 
atients, including those with a recent myocardial in- 
on. Even when asymptomatic, these patients are 
eated with antiarrhythmic drugs to prevent sud- 
cardiac death although it is unknown if such thera- 
ill prevent this outcome. Previous studies+> have 
ed to show improved survival and, therefore, antiar- 
rhythmic drugs are of unproved benefit. However, these 
Studies were flawed because therapy was not guided by 
arrhythmia suppression. Nevertheless, routine care of 
the postinfarction patient with ventricular arrhythmia 
has generally involved the use of antiarrhythmic drugs. 
The recent interim report from the Cardiac Arrhythmia 
Suppression Trial (CAST) has caused much concern 
and physicians are now rethinking the use of any antiar- 
rhythmic drug in patients with asymptomatic arrhyth- 
mia. Many questions have also been raised about the 
implications of the CAST report in regard to other 
groups of patients or with other types of arrhythmias. 
There are no answers to these questions; thus, it is im- 
perative to review the facts and weigh the risk-benefit 
ratio for each patient. 

_CAST had its early roots in the National Institutes 
of Health-sponsored Cardiac Arrhythmia Pilot Study 
(CAPS). CAPS involved only 500 patients but it served 
as a feasibility trial for the larger CAST study, which 
was designed to test the hypothesis that suppression of 
mptomatic ventricular ectopy after a myocardial in- 
tion would decrease the incidence of sudden death.® 
Results from CAPS indicated that encainide and flecai- 
nide, potent new class 1C agents,’ were effective for 
suppressing ventricular arrhythmia® and the incidence 
( rerse reactions, including arrhythmia aggravation, 
ow and indistinguishable from placebo. For this 
) they were chosen, along with moricizine, for use 
T: CAPS was designed to evaluate drug efficacy 
ce. CAST was designed to assess mortality 
whose ambient ectopy was suppressed by 
ing an algorithm commonly employed in 
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At the time of the interim report,’ 730 patients hať 
been randomized to receive either encainide or flecai- 
nide. Fifty-six of these patients died or had a nonfatal 
cardiac arrest; death was sudden in 33, presumabl 
due to a ventricular arrhythmia. This was significanti 
greater than the 22 patients who died or had a nonfa 
cardiac arrest or the 9 who died suddenly i in the gro 
of 725 patients randomized to receive placebo. This 1 
serious implications for the clinician who often treat 
such patients with these drugs in an effort to preven 
fatal outcome. It is now apparent that the risk-ber 
ratios of encainide and flecainide are unfavorable. 7 
apy with these agents in the asymptomatic postin’ 
tion patient is unjustified and hazardous. It is aları 
that CAST shows a greater mortality in asymptom 
patients even when encainide and flecainide suppress 
ventricular premature beats on ambulatory monitoring 
Because death occurred over the 18 months of follov 
up, it was not like the usual early aggravation seen w 
encainide and flecainide. These 2 drugs have been elimi : 
nated from CAST. The manufacturers and the Food — 
and Drug Administration now recommend that they be. 
reserved only for the treatment of life-threatening ar- _ 
rhythmias, primarily sustained ventricular tachycardia _ 
and fibrillation. However, this recommendation was in- — 
fluenced by many administrative and medical-legal is- 
sues that are not often part of the decision-making pro- 
cess when a physician is considering the needs of a given 
patient. Unfortunately, the information necessary fo: 
optimal clinical decision-making is not available 
many of the patients who present to the cardiologis 
consideration. 

Restriction of encainide and flecainide to pati 
with life-threatening arrhythmias is based on the fa 
that these patients are at great risk from their arrhyt 
mia and the hope that the risk of harm from the drug: 
will be smaller and that therapy will therefore pro 
overall benefit. It assumes that the drugs are benefi 
in these patients. Unfortunately, there are no cont 
trials with any antiarrhythmic agent in patients 
life-threatening arrhythmia, although in noncon 
trials, these agents do prevent sudden death. Effica 
must be assessed in each patient using objective meth. 
ods. Clearly, if a patient with life-threatening arrh 
mia has failed to respond to other therapy and th 
objective evidence that encainide or flecainide i: 
cally effective, use is indicated. However, careful clit 
cal evaluation is necesary because these patient 































































Arrhythmia aggravation is a complicatic 












































nts with aiad veatticalar tachyarrhythmia, 
1¢ incidence reported with encainide and flecainide is 
to 23%. The type of arrhythmic event provoked by 
these drugs is also of concern because of its severity. 
-< = Polymorphic ventricular tachycardia, incessant ventric- 
ular tachycardia and ventricular fibrillation are often 
< observed. Patients with a history of sustained ventricu- 
- Jar tachycardia or ventricular fibrillation, who usually 
have significant left ventricular dysfunction and conges- 
tive heart failure, are at an increased risk of arrhythmia 
aggravation.'! Therefore, the patient who requires anti- 
arrhythmic drugs to prevent a life-threatening ventricu- 
Jar arrhythmia is the very patient at an increased risk 
for arrhythmia aggravation. This risk, however, may be 
-~ acceptable if long-term therapy with the agent prevents 
-= < recurrence. Such findings have been reported in con- 
<- trolled trials with encainide and flecainide.'* Thus, the 
=: tisk-benefit ratio with these 2 agents in such patients is 
more favorable and their use, initiated under careful in- 
- hospital supervision, can be justified. 
. Another group reported to be at increased risk of 
sudden cardiac death is patients with idiopathic dilated 
cardiomyopathy and congestive heart failure who have 
runs of nonsustained ventricular tachycardia.* Antiar- 
rhythmic drugs are frequently given to such patients in 
an attempt to prevent a sustained ventricular tachyar- 
rhythmia. However, there are no data to suggest that 
these agents will be of benefit in this group. Thus, the 
benefit of drug therapy in these patients is unknown. 
Although the incidence of arrhythmia aggravation by 
antiarrhythmic drugs is not well established in these pa- 
tients, they are likely to be at increased risk because of 
left ventricular dysfunction and congestive heart failure. 
The results of CAST cannot be directly applied to this 
group of patients, but they suggest that the risk-benefit 
ratio is likely to be unfavorable. 

Another reason for caution in using encainide or fle- 
cainide, even in patients with life-threatening arrhyth- 
mia, is their effect on left ventricular function. This is 

especially so in patients with a history of congestive 
heart failure. The incidence of worsening congestive 
-heart failure with flecainide is approximately 5%. En- 
>> = .. Cainide, said to exert minimal negative inotropic effects, 
<> has been considered safe in patients with congestive 

-heart failure. However, a recent study by Gottleib et 
` -alB reported that among 30 patients with New York 

ee ~ Heart Association class III or IV congestive heart fail- 
< ure and mean ejection fraction of 19%, a large (50 mg) 
-dose of encainide caused significant adverse changes in 
- < invasive hemodynamic measurements and 8 patients de- 
-` veloped clinical congestive heart failure. In a study by 
 Ravid et al,'* 5.7% of patients with a history of conges- 
tive heart failure developed heart failure during encai- 
nide therapy. There is no evidence that this action con- 
ributed to the excess mortality in CAST. Only patients 
yho tolerated open-label therapy with encainide and 
ecainide 1 were randomized and followed to assess out- 
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ventricular ie jan ne are not at ¢ an increas 
risk of sudden death. This includes patients with inta 
left ventricular function who have coronary artery dis 
ease, left ventricular hypertrophy or mitral valve pro- 77 
lapse. In them, drug therapy is of no benefit except for @ 
relief of symptoms. Although the incidence of arrhyth- | 
mia aggravation with encainide and flecainide is low in { 
such patients, even a small risk results in an unfavorable { 
risk-benefit ratio. Thus, therapy with these drugs or any | 
antiarrhythmic agent is not warranted. Nevertheless, | 
there are many patients in this category who have se- § 
vere, incapacitating symptoms and who fail to respond § 
to any drug other than encainide or flecainide. There § 
are no data to indicate that such patients have the same § 
risk of harm as those in CAST. However, there are no — 
data to indicate that they are at less risk. Therapy may | 
be justified in patients with arrhythmias causing intoler- ` 
able or incapacitating symptoms if they are refractory | 
to other agents and clearly respond to encainide or fle- | 
cainide without evidence of adverse effects. 

Another group often treated with andarbe 
drugs is patients with supraventricular arrhythmia. En- 
cainide and flecainide have been reported to be effective 
in preventing recurrence.'!> Although the incidence of 
aggravation of ventricular or supraventricular arrhyth- 
mias in these patients is unknown, there are case reports 
of new serious ventricular tachyarrhythmias induced by 
flecainide.!© Supraventricular arrhythmia rarely causes 
sudden death, but it is often symptomatic. The risk of 
arrhythmia aggravation or other cardiac complications 
in this group is unknown and the risk-benefit ratio can- 
not be assessed, but must be estimated on an individual 
basis if possible. Encainide and flecainide should be 
used with extreme caution for treatment of supraven- 
tricular arrhythmias and only after other antiarrhyth- 
mic drugs have failed. Therapy, if necessary, should be — 
initiated in the hospital starting with low doses. | 

Should we extend the findings of CAST to all anti- 
arrhythmic drugs? It may not turn out that other anti- 
arrhythmic drugs have the same adverse effect on mor- 
tality. However, no antiarrhythmic drug has emerged as 
effective for reducing mortality in the postinfarction pa- 
tient. The fact that encainide and flecainide have very 
similar electrophysiologic profiles makes it tempting to - 
speculate that this problem is limited to these or similar — 
agents. A third CAST drug, moricizine, was not impli- — 
cated and will continue to be evaluated in the study.. 
However, to date, only a small number of patients have - 
been randomized to receive moricizine and the power tò 
detect an adverse effect on mortality is very small. Until -. 
this study or others are completed, it must be acknowl- ae 
edged that no benefit is proven, but harm is a real pos ssi- 
Many serious and complex concerns about the role ; 
of antiarrhythmic drugs in treating patients with any 
type of ventricular arrhythmia, particularly. those w 
have underlying heart disease. and Jett ventricular dys- o 
function, remain unresolved. While these pati Le 
be at increased risk for st dd 
arrhythmic drugs « can ‘clearly b 









ience with: ica use ‘of these. a is ‘usually 
on o evaluate the patient and prescribe treat- 


sn the risk of cardiac complications and the 
ex pharmacokinetics of these agents, patients re- 
g therapy with antiarrhythmic drugs should be 
d in the hospital by physicians experienced in 
mia management, with the use of these agents 
h other types of therapy such as surgery and 
ited devices. The management of such patients is 
mplex, time consuming and costly. In this era of 
containment, we should not trade expediency for 
nd effective medical care. | 
‘he results of CAST have emphasized the complexi- 
f the treatment of arrhythmia; it is analogous to 
cer where therapy i is reserved for specialists and spe- 
ed centers. It is time to consider the establishment 
gional. arrhythmia centers, supported by govern- 
nd. industry, where care can be provided by those 
rienced in managing arrhythmia patients and 
where all forms of therapy are available. 
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er ning True Ventricular Aneur 


Davidson Howes Hamer, MD, and Joseph Lindsay, Jr., MD 


D à ARTE true ventricular aneurysm may be 
— defined narrowly as “localized area of dyskinesis 
a -with regional systolic (paradoxical) expansion” 
broadly as “akinetic or dyskinetic scar”. 2 Lack of a 
consistent definition makes comparison of the numerous 
udies of this entity difficult. Factors such as incidence, 
survival rate, frequency of complications and criteria for 
the clinical diagnosis may all be affected by the defini- 
on applied. For example, estimates of the incidence of 
true ventricular aneurysm have ranged from 1.8° to 


a Until the advent of left ventriculography, ventricular 
- aneurysm was defined according to its gross appearance 
-at necropsy. Hence the description proposed by Ed- 

wards: “a protrusion of a localized portion of the exter- 
nal aspect of the left ventricle beyond the remainder of 
-the cardiac surface with simultaneous protrusion of the 


cavity as well.” Other necropsy studies have also em- 
=> phasized the presence of discrete myocardial thinning or 
sear formation.’ 


Because these descriptions are not amenable to clini- 


eal application, many investigators now use an angio- 


- graphic definition based on the pioneering work of Gor- 
‘linet al.!° They define aneurysm as a disturbance of the 
left ventricular contraction pattern, an observation not 
available to the pathologist. This definition highlights 


aS the importance of ventricular wall motion while neglect- 
-ing the alteration an aneurysm produces in the contour 


| of the left ventricle. Definitions applied in surgical stud- 


ies make use of both the gross appearance of the wall 
see Oe: and changes in its motion. 


‘Many variations and combinations of these criteria 


ee ee been applied. Definitions applied to necropsy ma- 


terial continue to accentuate the presence of a discrete 
bulge in the external contour of the heart associated 
with fibrous thinning of the affected region®* (Table I). 
efinitions from surgical observations use the following 
criteria: the presence of a sac-like deformity of the ven- 
tricular wall,!!!2 the presence of akinesis or dyskine- 
sis,2!1-14 myocardial thinning or scar formation?!3-!7 
id the loss of the trabecular pattern of the endocardi- 
n!3-16 (Table II). One study!> used the intraoperative 
nding of “an anatomically distinct area of the left ven- 
‘icle that collapsed when the ventricle was vent 
De efinitions applied in studies using echocardiography, 
ted cardiac blood pool scanning and angiography 
have often. depended on the presence of a wall motion 
ormality but have implemented one or more addi- 
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tional criteria (Table III). These include size,’!%! 
lack of coronary artery distribution to the aneurysma 
region of the heart! and the presence of a distinct bulg 
during both systole and diastole.'820-23 Only a few it 
vestigators have chosen to require the presence of a lis 
tinct deformity during diastole.?* Size based either: o1 
imaging techniques or autopsy findings has been. includ 
ed in some definitions. 
Further confusion has followed penton: o 
term “physiologic aneurysm” to major wall motion ab 
normalities resulting from recent infarction. Such myo- 
cardial segments are not yet scars and thus are quite. 
different from true aneurysms. Although they can clear- | 
ly distinguish abnormalities of contour and contractility, | 


current clinical imaging techniques have a limited abili- | 
ty to differentiate scar from noncontracting but poten- | 
tially viable myocardium or from heart muscle that = a 


recently become necrotic. E 

Thus, the use of the term “ventricular aneurysm” | | 
carries the risk of conveying to the audience a concept 
different from that intended. As a rule, such misleading | 
terms, particularly in the case of scientific endeavors, | 


should be discarded. For example, Fisher et al?5 avoided | 


| TABLE! Necropsy Studies | A 


Presence Presence of 
Myocardial 
Study (Ref.) Thinning / Scar Size 
Schlicter? 
Phares® 
Cabin’ 
Hochman® 
Mourdjinis? 
Total. 


* Describes size in terms of the mouth of the aneurysm relative to the lesion itself. 2 z A 


t Differentiates "major" and “minor” aneurysms. 


+ = criterion necessary to define true ventricular aneurysm; 0 = absence of me 


criterion. 


TABLE i Surgical Studies 


Presence 
of Myo- 
Presence cardial 
of Thinning / - 
Bulge Scar 


Loss of 
Trabec- P 
ular Akine- kine- 
Pattern sis sit 


oS oa 


Lee? 
Lefemine!! 
Watson! 
Moran's 
Vauthey!4 
Kiefer! 
Loop!® 
Favaloro! 
_ Total : 


, Site in Table | E 
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Ventriculography, 


MUGA 
Ventriculography 0 + 
Ventriculography + + 
: _ Ventriculography + 0 
al _ Ventriculography 0 0 
Ventriculography, + + 

cP echo 
tsumoto#! Echo | + 0 
| Echo | + + 
Ventriculography, + 0 

echo . 
Ventriculography + O 
Ventriculography + 0 
4 Ventriculography, 0 0 
: fluoroscopy 

ader Angiography + + 
ter? Ventriculography + O 
cCarthy?? MUGA 0 0 
orton?! Ventriculography, 0 0 

| echo 







Gyinbols as Table |” 


“the term ‘ ‘aneurysm”, instead they referred to “ventric- 
‘ular scars” that appeared as dyskinetic or akinetic por- 
tions of the left ventricle wall. In our judgment, how- 
ever, the concept of ventricular aneurysm has historical 
¿and conceptual significance especially when applied to 
necropsy, and we feel the term should be preserved. 
. Historically, the critical feature of a true ventricular 
: aneurysm is the presence of a fibrous scar associated 
with a distinct bulge of the epicardial contour following 
_the healing of myocardial necrosis. Pathologists and sur- 
«geons can identify such myocardial scars with relative 
certainty by direct vision, palpation and microscopic ex- 
amination. Thus, we believe that the surgical and patho- 
logical definitions should be the “gold standard.” More- 
: över, we believe that a reexamination of the characteris- 
cs cs detectable during clinical imaging that correlate 
h: \utopsy or surgical findings characteristic of “ven- 
cular. aneurysm” (i.e., scar formation, loss of trabecu- 
ons and bulging of the epicardial surface) should be 
undertaken. Until there is a general acceptance of the 
imaging. features that represent what historically has 
been regarded as true ventricular aneurysm, the term 
will continue to be a source of confusion rather than 
Hlighteament. 















Presence of 


Presence Myocardial 
Basis of of Thinning / 
Definition Bulge Scar Size Akinesis Dyskinesis 


A? Echo = 2-dimensional echocardiography; MUGA = ee gated cardiac blood pool scanning. 
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IONS AND USAGE 

olybar (cholestyramine resin bar) is indicated as adjunctive therapy to diet for 
eduction of elevated serum cholesterol in patients with primary hypercholester- 
(elevated low-density lipoprotein [LDL] cholesterol) who do not respond 
equately to diet. Cholestyramine resin may be useful to lower LDL cholesterol in 
nts who also have hypertriglyceridemia, but itis not indicated where hypertri- 
glyceridemia is the abnormality of most concern. 

Dietary therapy specific for the type of hyperlipoproteinemia is the initial treatment 
ce. Excess body weight may be an important factor, and caloric restriction for 
ig ‘normalization. should be addressed prior to drug therapy in the overweight. 

ie use of drugs should be considered only when reasonable attempts have been 
ade to obtain satisfactory results with nondrug methods. If the decision ultimately is 
e drugs, the patient should be instructed that this does not reduce the 

portance of adhering to diet. 

2) Cholestyramine resin is indicated for the relief of pruritus associated with partial 
biliary obstruction. Cholestyramine resin has been shown to have a variable effect on 
rum cholesterol in these patients. Patients with primary biliary cirrhosis may exhibit 
an elevated cholesterol level as part of their disease. 

CONTRAINDICATIONS 

Cholybari is contraindicated in patients with complete biliary obstruction where bile is 
not secreted into the intestine and in those individuals who have shown hypersensi- 
tivity to any of its components. 

PRECAUTIONS 

General: Before instituting therapy with Cholybar, diseases contributing to increased 
blood cholesterol such as hypothyroidism, diabetes mellitus, nephrotic syndrome, 

- dysprateinemias and obstructive liver disease should be looked for and specifically 

“> treated. A favorable trend in cholesterol reduction should occur during the first 

E ‘month of cholestyramine resin therapy. The therapy should be continued to sustain 
“cholesterol reduction. If adequate cholesterol reduction is not attained, choiestyra- 

: mine resin therapy shouid be discontinued. 

_: “Chronie use of cholestyramine resin may be associated with increased bleeding 
tendency due to hypoprothrombinemia associated with vitamin K deficiency. This will 
Usually death promptly to parenteral vitamin K,, and recurrences can be pre- 
vented by oral administration of vitamin K}. Reduction of serum or red cell folate has 
been reported over long-term administration of cholestyramine resin. Supplementa- 
on with folic acid should be considered in these cases. 

eos There i iS. a possibility that prolonged use of cholestyramine resin, since itis a 
‘chioridet form of anion exchange resin, may produce hyperchloremic acidosis. This 
would especially be true in younger and smaller patients where the relative dosage 
ay be higher. 

holestyramine resin may produce or worsen preexisting constipation. Dosage 
hould be reduced or discontinued in such cases. Fecal impaction and aggravation 
morrhoids may occur. Every effort should be made to avert severe constipation 
itsi i herent problems in those patients with clinically symptomatic coronary 





























































































) iio zod impeding their absorption. 
hew each bar thoroughly. 
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Tests: Serum cholesterol levels should be determined frequently during 
few months of therapy and periodically thereafter. Serum triglyceride levels 
dbe measured periodically to detect whether significant changes have 








PT. showed a dose-related increase in serum triglycerides of 10.7-17.1% 
lestyramine-treated group, compared with an increase of 7.0-11.7% in the 
group, Based on the mean values and adjusting for the placebo group, the 
ine-treated group showed an increase of 5% over pre-entry levels the first 
‘study and an increase of 4.3% the seventh year. 
ract ons. Cholestyramine resin may delay or reduce the absorption of con- 
fal medication Sia as R warfarin, chlorothiazide {acidic), 
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and Dshould-be considered | 
SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS 5 GIVEN CON 
RENTLY, PATIENTS SHOULD TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE 
OR 4-6 HOURS AFTER CHOLYBAR (OR AT AS GREAT AN INTERVAL AS POSSIBLE) ae 
TO AVOID IMPEDING THEIR ABSORPTION. ne 
Carcinogenesis, Mutagenesis and Impairment of Fertility: in studies anien in. E 
rats in which cholestyramine resin was used as a tool to investigate the role of various | 
intestinal factors, such as fat, bile salts and microbial flora, in the development of. = 5u 
intestinal tumors induced by potent carcinogens, the incidence of such tumors was E 
observed to be greater in cholestyramine-resin-treated rats than in control rats. The 
reievance of this laboratory observation from studies in rats to the clinical use of 
cholestyramine resin is not known. In a large, placebo-controlled, multiciinic a 
the Lipid Research Clinics Coronary Primary Prevention Triat (LRC- CPPT), the total 
incidence of fatal and nonfatal neoplasms was similar in both treatment groups. | 
When the many different categories of tumors are examined, various alimentary. BE 
systern cancers were somewhat more prevalent in the cholestyramine group. The oi 
small numbers and the multiple categories prevent conclusions from being drawn. Le 
However, in view of the fact that cholestyramine resin is confined to the Gl tract and. 
not absorbed, and in light of the animal experiments referred to above, further follow: 
up of the LRC-CPPT participants is planned for cause-specific mortality and cancer 
morbidity. y 
Pregnancy: Since cholestyramine resin is not absorbed systemically, itis not E 
expected to cause feta! harm when administered during pregnancy in recommended. ee 
dosages. There are, however, no adequate and well-controlled studies in pregnant ` 
women, and the known interference with absorption of fat soluble vitamins may be 
detrimental even in the presence of supplementation. 
Nursing Mothers: Caution shouid be exercised when Cholybar is administered to a: 
nursing mother. The possible lack of proper vitamin absorption described in the - 
“Pregnancy” section may have an effect on nursing infants. 
Pediatric Use: As experience in infants and children is limited, a practical dosage ` G. 
schedule has not been established. The effects of long-term drug administration, as- a E 
well as its effect in maintaining lowered cholesterol levels in pediatric patients, are | i 
unknown. 
ADVERSE REACTIONS 
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given. However, this may be a manifestation of the liver disease and not drug re lated. 
One patient experienced biliary colic on each of three occasions on which he took = 
cholestyramine resin. One patient diagnosed as acute abdominal symptom compie aia 
was found to have a “pasty mass” in the transverse colon on x-ray. aeg 
Other events (not necessarily drug related) reported in patients taking 
cholestyramine resin include: 
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OVERDOSAGE k 
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ft ventricular (LV) thrombi are common in pa- 
nts with acute and healed anterior myocardial in- 
n. Although the reported incidence of clinically 
gnosed embolism varies widely,!-? diagnosis of throm- 
‘seems to carry an increased risk for this potentially 
-threatening complication. It is not entirely clear 
hether long-term anticoagulation can reduce the embo- 
sm rate in patients with chronic aneurysms with an 
_ acceptable risk of bleeding. However, it is widely as- 
-~ sumed that this is so; thus, the diagnosis of LV thrombus 
. has far-reaching consequences. It is difficult to diagnose 
_ LV thrombus using currently available imaging tech- 
_ hiques. LV angiography carries the risk of precipitating 
systemic emboli and has a low sensitivity in most reported 

_ studies. Echocardiography has been reported to be 
-fraught with false-positive results.> Indium-111 platelet 
scintigraphy reflects thrombus activity but has subopti- 
mal sensitivity, especially for small thrombi.” More re- 
_cently,; computed tomography (CT)? and magnetic reso- 
-nance imaging (MRI)?!° have shown encouraging re- 
‘sults in the detection of LV thrombi. However, the 
-diagnostic accuracy of MRI has not been evaluated with 
independent confirmation by surgery or autopsy. This 
Study describes the sensitivity and specificity of MRI in 
-the diagnosis of LV thrombi in patients with LV aneu- 
rysms undergoing surgical aneurysmectomy, and com- 
pares the results with those of angiography, 2-dimension- 
al echocardiography and CT performed in the same pa- 

tients. 

=- The patient population comprised 22 men and 4 
women (mean age 55 years, range 35 to 72) with healed 
-anterior wall myocardial infarction (mean time after 
infarct 23 months) and LV aneurysms. The diagnosis of 
-LV aneurysm was based on the presence of dyskinetic 
wall motion at angiography in 24 patients. Two patients 
-did not have LV angiograms because of the presence of 
large mobile thrombi adjacent to dyskinetic areas at 2- 
dimensional echocardiography. In these 2 patients, the 
‘diagnosis of LV aneurysm was based on the result of the 
_echocardiographic study. All patients from our institu- 
tion who underwent partial resection of the aneurysm 
between January 1987 and December 1988 were includ- 
ed in the study. Indications for surgery were intractable 
_angina and dyspnea in 17, ventricular arrhythmias in 6, 
-large mobile thrombi in 2 and postinfarction ventricular 
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septal defect in 1 patient. At surgery, the entire left 
ventricle was carefully inspected for the presence ana 
location of LV thrombus. Specimens were sent for patho- 
logic examination. The mean interval from technically — 
adequate studies to surgery was 68 + 45 days for angi- 
ography, 52 + 41 days for CT, 24 + 27 days for echocar- 
diograms and 22 + 25 days for MRI. B 
All studies were interpreted independently by 2 expe- 
rienced observers unaware of the clinical history or the 
results of the other imaging studies performed. Agree- 
ment of both observers who were blinded to each other's 
interpretation was required before a study was consid- 
ered positive for LV thrombus. To minimize false-posi- - 
tive diagnoses, studies in which there was observer dis- 
agreement after joint review of the study were considered 
negative for thrombus. Studies judged technically inade- 
quate by the observers were not included in the analysis. = 
Twenty-four patients underwent biplane LV angiog- © ee 
raphy in the 30° right and 60° left anterior oblique 
positions as part of work-up for angina, heart failure or 
ventricular arrhythmias. Angiograms were obtained us- 
ing power injection of 30 to 50 ml of a 61% solution of 
iopamidol (Solutrast 300, Byk Gulden) into the left ven- 
tricle. Angiograms were considered technically adequate 
if there was sufficient mixing of blood and contrast me- 
dia and the LV apex could be clearly visualized. An 
aneurysm was defined angiographically as a well-cir- 
cumscribed bulging segment of myocardium demon- 
strating dyskinesis or akinesis. LV thrombus was defined 
as a persisting filling defect in the LV apex during both 
systole and diastole that could be distinguished from the 
inferior papillary muscle. 7 
All patients were specifically evaluated for the pres- 
ence of mural thrombi. Two-dimensional echocardio 
grams were obtained using a mechanical Sigma 1S¢ 
(Kontron Instruments) scanner with a 3.5-MHz trans- 
ducer or a phased-array sector scanner Vingmed CFM 
700 with a 3.0-MHz transducer. Standard views of the 
left ventricle were taken from the fourth and fifth left. 
parasternal interspace, the apex and the subcostal re 
gions. Multiple angulations were performed in the apica 
4-chamber view and the long-axis view. Echocardio 
graphic studies were stored on videotape and analyzed 
later. E 
The following criteria’? were used to diagnose LV- 
thrombus: a well-defined echo dense mass adjacent to an 


asynergic LV segment, visibility of the mass in >I view 
or plane; and synchronous motion of the mass and adj 
cent myocardium. Echocardiograms were regarde 
technically inadequate if the apex was not ful 
ized and multiple views could not be obtain 



















-< CT was performed on a Siemens Somatom DR whole 

© body scanner using constant radiographic factors and 
scan times of 3.2 seconds. Contiguous sections of 8-mm 
thickness were obtained without electrocardiographic 
gating. Enhancement of cardiac chambers was achieved 
by repeated intravenous bolus injection of 20 to 25 ml of 
iopamidol up to a maximal volume of 200 ml. Scanning 
was initiated 8 to 10 seconds later depending on the 
patient's heart rate. Failure to achieve sufficient contrast 
between the LV cavity and the myocardium was regarded 
as a technically inadequate study. LV thrombus was 
defined as a filling defect in the contrast-enhanced blood 
pool of the left ventricle adjacent to an area of myocardi- 
al wall thinning. 


FIGURE 1. Transverse magnetic resonance image demon- 
strating the orientation of oblique sagittal sections through the 
left ventricle parallel to the interventricular septum (arrows). 
RA = right atrium; RV = right ventricle. 


FIGURE 2. Right anterior oblique angiographic view in a pa- 
tient with chronic left ventricular aneurysm. Thrombus is 
_ Clearly diagnosed by the typical cutoff effect (arrows) of the 
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Electrocardiographically gated MRI was performed 
using a 1.5 tesla whole body superconducting magnet 
(Philips Gyroscan S15). Transverse sections covering the 
entire left ventricle were acquired using a double echo 
spin-echo sequence with echo times of 30 and 60 ms, 
respectively. Slice thickness was 10 mm without gap. In 
addition, oblique sagittal sections parallel to the inter- 
ventricular septum were acquired using electronic axis 
rotation (Figure 1) and the same sequence with a slice 
thickness of 6 mm and a gap of | mm. Imaging time was 
between 20 and 30 minutes. LV thrombus was defined as 
an intracavitary structure of variable shape and signal 
intensity that could be distinguished from a thinned 
myocardial wall and intracavitary flow signal. Diagnosis 
of LV thrombus also required visualization of the struc- 
ture in both imaging planes. 









FIGURE 3. Ec fiographi 
patient as in Figure 2. Thrombus appears as an echo-dense 
mass (black and white arrows), which can be distinguished 
from the anterior wall. 


got Ig 





FIGURE 4. tomographic study in the same patient. 
Note the excellent distinction between the bright blood pool, 





At surgery, thrombi were found at the LV apex in 14 
of 26 patients (54%). Two thrombi protruded into the 
ventricular cavity, the other 12 were laminar and broadly 
adherent to the thinned LV wall. The largest thrombus 
diameter measured between 2 and 4 cm in 5 patients and 
between 0.5 and 2 cm in 4 patients. One patient had 2 
small thrombi <0.5 cm in diameter. Four thrombi were 
fragmented when the ventricle was opened and could 
therefore not be measured. 

One of 23 angiographic studies was technically inad- 
equate (Table I). At angiography, thrombus was detect- 
ed in 10 of 12 patients with surgically confirmed clots. 
This corresponds to a sensitivity of 83% (Figure 2). The 
2 small clots found in 1 patient at surgery were not 
detected at angiography. In 7 of 10 patients without 
thrombus at surgery, angiography correctly diagnosed 
the absence of thrombus. Thus, the overall accuracy of 
angiographic diagnoses for the presence or absence of 
thrombi was 17 correct diagnoses out of 22 technically 
adequate studies (77%). Including technically inade- 
quate studies, the percentage of correct, clinically useful 
diagnoses was slightly reduced to 74% (17 of 23). 

Two-dimensional echocardiography yielded a high 
percentage of technically inadequate studies (6 of 25, 
24%). Excluding those studies from analysis, thrombus 
was correctly identified in 8 of 9 (sensitivity 86%) con- 
firmed cases (Figure 3). The 2 small clots were not 
visualized. Specificity of 2-dimensional echocardiogra- 
phy was 70% (7 of 10). The accuracy was 79% (15 of 19). 
However, when technically inadequate studies were in- 
cluded as false-positive or false-negative results, accu- 
racy declined to 60% (15 of 25). In the 2 patients with 
mobile thrombi, only 2-dimensional echocardiography 
could adequately demonstrate this feature. 

CT could only be performed in 15 patients. Contrast 
between contrast-enhanced blood pool, thrombus and 
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myocardium was particularly good in these studies, sup- 
porting confidence in the diagnosis (Figure 4). Neverthe- 
less, in 2 of 10 patients with thrombi (including the 1 
patient with 2 small thrombi), CT missed the diagnosis 
(sensitivity 80%). There were no false-positive studies, 





FIGURE 5. MRI study in the same patients as before. Left, transverse first echo image (echo time = 30 ms) at a slightly higher 
level than the corresponding computed tomographic image. Thrombus (arrows) and myocardium show a similar signal intensity. 
However, the distortion of the normal shape of the left ventricle permits diagnosis of thrombus. RV = right ventricle, LV = left 
ventricle. Right, second echo image (echo time = 60 ms). Slow flow becomes apparent adjacent to the interventricular septum 
(arrow). Thrombus and myocardium can be distinguished by a small line of higher signal intensity (small arrows) and the slight- 


ly lower signal intensity of the myocardium. 
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resulting in a specificity of 100% (5 of 5). The diagnostic 
accuracy was 87% (13 of 15). There were no technically 
inadequate studies. 

All patients had technically adequate MRI studies. 
No patient had claustrophobia precluding performance 
of an MRI study. The dual echo technique was essential 
to distinguish between slow intracavitary blood flow in 
the region of the aneurysm (Figure 5). MRI detected 
thrombi in all patients but the 1 with 2 small thrombi (13 
of 14), producing a sensitivity of 93%. In 2 patients, the 
MRI diagnosis was falsely positive, resulting in a speci- 
ficity of 85% (10 of 12). The correct diagnosis was ob- 
tained in 23 of 26 patients (accuracy 88%). 

In this small but homogenous population of patients 
with chronic LV aneurysms undergoing aneurysmecto- 
my, MRI had a similar diagnostic accuracy in the diag- 
nosis of LV thrombi compared to 3 other established 
imaging methods. CT showed the best diagnostic accura- 
cy and angiography was surprisingly accurate. Two-di- 
mensional echocardiography was technically unsatisfac- 
tory in a substantial number of patients, which limited its 
usefulness in this cohort. 

A surprising finding was the high sensitivity of LV 
angiography (83%) for the detection of thrombi. This 
contrasts with previous reports of sensitivities ranging 
from 24 to 42%.* Reasons for difficulties in visualizing 
thrombus in LV aneurysms included failure of contrast 
material to mix well in dyskinetic areas, inability to dif- 
ferentiate small clots from prominent trabecular patterns 
and the presence of laminar thrombi that did not show the 
typical cutoff of apical thrombi. The high sensitivity re- 
ported here may be related to several factors. We exclud- 
ed studies with inadequate mixing of contrast material 
from the calculation of sensitivity; small thrombi were 
only found in 1 patient; and most laminar thrombi dis- 
torted the smooth inner surface of the aneurysm causing 
the cutoff effect. 

The risk of provoking embolization precluded LV an- 
giography in 2 patients with large mobile thrombi previ- 
ously diagnosed by echocardiography. This serious poten- 
tial complication makes it mandatory to exclude throm- 
bus in patients with electrocardiographic evidence of LV 
aneurysm scheduled for LV angiography. 

Two-dimensional echocardiography was reported to 
be very sensitive in the detection of small acute LV 
thrombi in a dog model.’ However, the human anatomy 
is different and suboptimal image quality may have ac- 
counted for the failure to find small thrombi in this study. 
Two-dimensional echocardiography was limited by a 
high percentage of technically inadequate studies. Al- 
though the sensitivity of 2-dimensional echocardiography 
was good in patients with adequate studies, a diagnosis 
could not be provided in 25% of the patients evaluated for 
LV thrombi. The presence of near-field artifacts or of 
other normal or pathologic structures simulating thrombi 
was probably responsible for the 3 false-positive diag- 
noses. The low specificity of 2-dimensional echocardiog- 
raphy is a well-known problem»; it is especially trouble- 
some because the diagnosis of thrombus is followed by the 
institution of anticoagulant therapy in most patients with 
chronic LV aneurysms. 
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Other reliable diagnostic techniques must therefore 
be considered to establish a diagnosis in patients unsuit- 
able for echocardiography and in patients in whom the 2- 
dimensional echocardiography diagnosis of thrombus is 
not entirely certain. Several investigators have claimed 
that CT and especially cine-CT were superior to 2-dimen- 
sional echocardiography in the detection of thrombi®:!!; 
however, surgical confirmation was not available in most 
patients. In our study, CT had no false-positive results 
and was 80% sensitive in the detection of thrombi. The 
density difference between thrombus, blood and myocar- 
dium was high in most of our patients leading to good 
contrast between the structures. Notably, interpretation 
of CT studies proved to be more straightforward than 
reading of MR images. However, CT requires the injec- 
tion of contrast material and exposes the patient to small 
quantities of ionizing radiation. 

MRI was useful for evaluating patients who could not 
be examined by echocardiography. Interpretation of im- 
ages was complicated by the presence of an intraventricu- 
lar flow signal that was due to stagnant blood within the 
aneurysm. In some patients this was difficult to distin- 
guish from thrombus. On second echo images slow flow 
typically increased in signal intensity whereas throm- 
bus—which had varying signal intensities relative to 
myocardium on first echo images—showed a decrease in 
signal intensity. Additional support for the diagnosis was 
provided by sagittal images parallel to the interventricu- 
lar septum. 

As was the case with CT, MRI did not provide infor- 
mation about thrombus motility. Cine-CT using short 
scan times of 50 ms should overcome this limitation of 
conventional CT.!! With the advent of rapid MRI tech- 
niques such as gradient echo imaging,'? which is sensitive 
to blood flow and displays cardiac motion, identification 
of LV thrombus by MRI should become easier and re- 
quire less experience than the spin-echo technique used in 
the present study. 

The study was limited by the fact that the diagnostic 
procedures could not be performed on the same day. It 
does not seem likely, however, that the different findings 
from the different methods used in these patients with 
chronic aneurysms were due to the new appearance or 
disappearance of thrombi between examinations. Angi- 
ography and CT both showed good correlation with sur- 
gical results and had the longest time differences to sur- 
gery. In contrast, 2-dimensional echocardiography and 
MRI were more easily available and were performed in 
close temporal connection with each other. No patient 
experienced embolism between the first imaging study 
and surgery. In the 7 patients with differing results be- 
tween methods, anticoagulant therapy was altered in only 
1 patient. This patient had thrombus at angiography, was 
subsequently treated with procoumaron, and no throm- 
bus was found 10 weeks later with the other techniques. If 
we included this patient as a true negative, the specificity 
of angiography would be increased further. The small 
number of patients included in this preliminary study 
precluded statistically significant differences of sensitiv- 
ity, specificity and accuracy between methods when con- 
tingency table analysis was used. 


In conclusion, because of its low cost and easy avail- 
ability, 2-dimensional echocardiography remains the 
mainstay of noninvasive diagnosis of LV thrombi in daily 
clinical practice. However, the inability to image the car- 
diac apex adequately requires the use of alternative non- 
invasive imaging modalities in a considerable number of 
patients with LV aneurysms. Both CT and MRI offer a 
similar sensitivity and a superior specificity to 2-dimen- 
sional echocardiography and can be used in patients in 
whom 2-dimensional echocardiography cannot be per- 
formed. 
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oronary artery dissection is an infrequent, but po- 

tentially fatal, complication of coronary arteriogra- 
phy with an incidence ranging from 0.02 to 0.34%.!3 
Soft-tipped catheters were developed to reduce this risk. 
In vitro and in vivo studies have suggested that soft-tipped 
catheters are less traumatic to the arterial wall than con- 
ventional catheters.+°> To determine the clinical impor- 
tance of these findings, the incidence of coronary artery 
dissection associated with both soft-tipped catheters and 
conventional catheters was compared in a 10-year retro- 
spective study. 

The records of 21,256 consecutive coronary arterio- 
gram procedures performed between December 1, 1978, 
and December 1, 1988, were reviewed for the presence of 
coronary artery dissection and the type of catheter used. 
All dissections (whether there was a total occlusion or 
not) were included. Cases in which coronary angioplasty 
was also performed were not reviewed. The angiographic 
diagnosis of coronary artery dissection included the ap- 
pearance of flow in 2 channels separated by a thin radio- 
lucent line usually with slow or delayed runoff from the 
false channel? Most procedures (99%) were performed 
by the transfemoral percutaneous approach. Conven- 
tional catheters were used during the entire period of the 
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study, while soft-tipped catheters were available begin- 
ning January 1985. Conventional catheters (Cordis and 
USCI) have a straight tip while the soft-tipped catheter 
(Schneider-Shiley) has a partially deformable torroidal 
configuration (Figure 1). 

Numerical data are presented as mean + standard 
error. Unpaired t tests were used to determine the signifi- 
cance of the difference between ages in the different 
groups. Fisher's exact test was used to compare the rate 
of dissections in the different groups. Chi-square tests 
were used to compare the extent of coronary artery dis- 
ease in the different groups. A p value of <0.05 was 
considered statistically significant. 

Of the 21,256 coronary arteriography procedures 
performed, conventional catheters were used exclusively 
in 10,366 procedures, soft-tipped catheters exclusively in 
10,506 procedures, and both types of catheters in 384 
procedures. Of the 10,451 cases performed after January 
1985, 205 were performed solely with conventional cath- 
eters, 9,862 solely with soft-tipped catheters, and the 
remaining 384 with both catheters. The patients whose 
coronary arteriograms were performed with only soft- 
tipped catheters were compared to the patients whose 
coronary arteriograms were performed with only con- 
ventional catheters. The 2 groups were similar (differ- 
ence not significant) in sex, type of catheter used (e.g., 
Judkins or Amplatz) and extent of coronary artery dis- 
ease. The patients whose arteriograms were performed 
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with soft-tipped catheters were significantly older (61 + 
1 vs 59 + 1 years, p <0.01) (Table I). During this time 
period, coronary artery dissection (Figure 2) occurred in 
7 (0.03%) patients. 

Six of the coronary artery dissections occurred dur- 
ing procedures using solely conventional catheters; 1 oc- 
curred in a procedure using both types of catheters. The 
6 coronary dissections occurring solely with conventional 
catheters occurred before 1985. All dissections occurred 
with an 8Fr catheter. The incidence of coronary artery 
dissection in procedures using only soft-tipped catheters 
was significantly less than the incidence of coronary ar- 
tery dissection in procedures using only conventional 
catheters (0 of 10,506 vs 6 of 10,366, p <0.02). Six of the 
dissections were associated with total occlusions of ei- 
ther the main vessel or a branch of it (Table II, patients 1 
through 4, 6 and 7). Five patients underwent emergency 
coronary artery bypass surgery, and 2 patients were 
treated medically. Of the 5 patients undergoing coronary 
artery bypass surgery, 3 had a myocardial infarction and 





1 died. Both patients treated medically developed a myo- 
cardial infarction, and 1 patient subsequently died. At a 
follow-up evaluation of 80 + 9 months, 4 patients were 
still living. One patient died of an undetermined cause. 

This study demonstrates that significantly fewer cath- 
eter-induced coronary artery dissections occurred in pro- 
cedures using soft-tipped coronary catheters than in those 
procedures using conventional coronary catheters. To im- 
ply that improved catheter design is the cause of this 
decrease assumes that physicians, procedures, patients 
and equipment used in both groups were similar, and that 
any difference had a negligible effect. The patient char- 
acteristics were similar between the 2 groups, and except 
for the change in catheter type, the procedure for per- 
forming coronary arteriography has remained relatively 
constant in our laboratory. Before 1985, 9 physicians 
performed coronary arteriography at our institution. Af- 
ter 1985, 6 additional physicians performed this proce- 
dure. It is unknown whether the increase in clinical expe- 
rience or the addition of these new physicians had any 


FIGURE 1. The torroid- 
shaped tip of soft-tipped 
catheter (A) versus 
conventionally shaped 
tipped catheters (B) 

and (C). 





FIGURE 2. A, dissection of the left main coronary artery of a 50-year-old woman shown here extending into left 


descending artery (arrow). B, dissection of the right coronary artery in a 57-year-old man. 
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Cc mparison of Dissection | Rate and Patient 
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bg ae dpcrbaned faguen of coronary dissections. 
1985, 99% of the coronary arteriography proce- 
ere performed with 8Fr catheters. Presently, ap- 
imately 50% of these procedures are performed with 
8Fr catheters and 50% with 7Fr catheters. We cannot 
exclude that the increased incidence of coronary dissec- 
tions is not in part due to the change in catheter size. 

z ‘Management of the coronary artery dissection de- 
pends on the stability of the patient and the vessel- in- 
volved. Medical treatment may be appropriate in some 
patients. However, if the patient experiences continued 
ischemia, surgical intervention or coronary angioplasty 
may be necessary. In patients with a coronary dissection, 
the placement of a bail-out. catheter may help reverse 
ischemia and stabilize the patient, providing additional 
time for revascularization to occur. 

- Of 52 cases of catheter-induced coronary artery dis- 
section reported by Virmani et al,° 21 patients (40%) 
developed myocardial infarction and 9 patients (17%) 
died. In 1989, approximately 750,000 coronary arterio- 
grams will be performed in the United States. Using a 
conservative average rate of dissection of 0.10%, along 
with the proportions of complications noted by Virmani 
et al, approximately 750 patients may experience coro- 
nary dissections, and of these approximately 300 may 
de lop myocardial infarction and 125 may die. 
oft-tipped coronary catheters, upon surface contact, 
e.a torroid-like shape to absorb forces at the tip to 
e interface, thus making the catheter less traumatic 
the arterial wall. In vitro laboratory studies using non- 
romatous sections of human aorta indicate that soft- 
tipped catheters have a significantly decreased frictional 
coe ficient of resistance across the aortic surface com- 
parei to conventional catheters.* A study comparing the 














































demonstrating that coronary artery dissection is signifi- 





TABLE il Procedural information: Mode of Treatm 
Clinical Outcome of Patients Experiencing Coronary $ 
Dissection : 










Dissected _ 
Coronary 
Artery 





Age (yrs), 
Pt Sex 


Type of 
Catheter 









Treatment 















1 C Surgery j 
2 55, M C Right Surgery MI 

3 57,M C Right Surgery 

4 63,M C LM Surgery MI 

5 4M C Right Medical Mi 
6 C i Surgery 







Medical | 
myocardial infarction; ST = soft-tipped. : 





C = conventional; LM = jeft main; Mi = 






depth of indentation of various catheters in wax per ap 
plied force showed that the soft-tipped catheter had 
lower indentation depth per force than conventional cath 
eters. Histologic studies in dogs have also demonstrated 
that soft-tipped catheters cause less endothelial dam- 
age.+°> When catheterized with a soft-tipped catheter, 
muscular arteries such as the left coronary artery and 

right iliac artery had an 85% reduction in subintimal 
lesions with a disrupted or split internal elastic membrane 
compared to muscular arteries catheterized with conven 
tional catheters.° In addition, medial tears were seen only 
with the conventional catheters.° Our study confirms that 
arterial trauma is less with the soft-tipped catheter b 




























cantly more likely to occur in patients whose procedur 
are performed with conventional coronary artery cathe 
ters. In conclusion, our results indicate that coronar 
artery dissection is a rare, potentially fatal, complication 
of coronary arteriography and that its incidence is signifi- 
cantly reduced by the soft-tipped catheter. ` 
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{ variety of supraventricular and ventricular arrhyth- 
"A mias have responded favorably to therapy with intra- 
jenous magnesium sulfate (MgS04) regardless of the 
-patient’s initial serum magnesium level.!-? The ventricu- 
ar arrhythmia most commonly reported to be responsive 
o MgSO, is torsades de pointes.5-79 We report the 
esponses of 11 patients with sustained monomorphic 
entricular tachycardia (VT) to a bolus injection of 
MgSO.. 
.. Intravenous MgSO, was given to 9 men and 2 women 
with sustained monomorphic VT (all requiring an inter- 
-vention for termination), with cycle lengths ranging from 
320 to 500 ms (mean 416). The patients’ characteristics 
-and antiarrhythmic therapy are listed in Table I. The 
‘initial serum magnesium level ranged from 1.1 to 2.6 
mg/dl (mean 2.0). Three patients were hypomagnesemic 
 (<1.8 mg/dl). The serum potassium ranged from 3.4 to 
7 5. 3 mEgq/liter (mean 4.3). 

=° Of the 11 patients, 10 received an initial bolus of 2 g 
ae of MgSO; as an injection of 10 ml of a 20% solution. The 
solution was delivered over 1 minute and patients were 
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initially observed for 5 minutes to assess their respo 
Three patients received up to 3 additional g of MgSO; 
within the ensuing 5-minute observation period. . 
the bolus injections, a solution of 5 to 10 g of MgSO; was 
prepared for infusion. This was delivered over 5 to 10 
hours depending on the patient’s response to the initial 
bolus and initial serum magnesium level. One pat 
(no. 10) was evaluated after induction of sustained 
using programmed electrical stimulation. After initi 
tion of VT, 5 g of MgSO, was infused over 7.5 minute 

Of the 11 patients, 7 converted to a supraventricular | 
rhythm—either sinus rhythm (6) or atrial fibrillation | 
(1)—within 10 minutes of the MgSO, bolus. Five re- | 
sponded to 2 g of MgSO, and 2 responded to 5 g. Four | 
patients failed to respond after either a 2- (3 patients) or | 
a 4-g bolus (1 patient) of MgSO,. Other than a warm | 
flush noted by all patients, there were no significant side | 
effects. Of the nonresponders, 2 reverted to sinus rhythm. 4 
with direct current cardioversion and 2 reverted to sinus - 
rhythm with rapid ventricular pacing. 4 

Serum magnesium levels were obtained immediately o] 
after MgSO, boluses in 3 patients. Serum magnesium- 
increased from 2.0 to 2.3 mg/dl after a 2-g bolus, from ` 
2.6 to 4.2 mg/dl after a 4-g bolus and from 1.8 to 5.8 mg} 
dl after a 5-g bolus. The QTc interval was ne a 















2gm MgSO, + 65 sec 





Patient Characteristics 






AAD 
(Chronic / 
Acute) 


Dig 
Level 




















A, BB/L 


67,M CAD 37 0 
1,M CAD — 2.8 0 
M CAD 25 1.3 A/L 
70M CAD 39 Ppf/L 
65M CAD 25 1.4 P/L 
< 54M CAD 48 0.6 /L 
-23,M CHD 34 Q/L 
O 51,F DC 14 1.1 A/L, Mx, P, Ph 
65, M DC 38 0 
62, F 0 64 BB, T/L 


cardiorn yopathy; Dig = digoxin; Dis = underlying heart disease; EF = 
er), L = lidocaine: Mx = mexiletine; P = procainamide; Ph = 


jevel (in mg/dl); Q = quinidine; R = response to magnesium therap 
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after conversion of VT and ranged from 375 to 542 ms 
(mean 456). 

_ Parenteral infusion of MgSO, was carried out in 7 
patients because either the initial bolus of magnesium 
succeeded in terminating VT (6 patients) or there was 
documented or suspected magnesium deficiency (1 pa- 
tient). Serum magnesium levels were raised to a mean of 
1.9 to 3.7 mg/dl after a mean dose of 9.4 g given over a 
mean of 10 hours. 

Of the 11 patients, 10 subsequently underwent pro- 
grammed electrical stimulation (patient no. 3 was not 
studied). Eight had inducible sustained monomorphic 
VT. Of 7 responders to MgSO,, 5 had inducible sus- 
tained VT. 

An electrocardiographic rhythm strip from a repre- 
sentative patient is shown in Figure 1. The patient, an 81- 
year-old man with coronary artery disease who had had 
a myocardial infarction, was brought to our emergency 
room after an hour of palpitations. The electrocardio- 
gram demonstrated monomorphic VT. He received a 2-g 
bolus of MgSO, which terminated the arrhythmia after 
65. Seconds, and he returned to baseline atrial fibrilla- 
tion. Subsequently, there was a short run of nonsus- 
ta ined. VT that occurred in the minute after the bolus, 
and then ventricular arrhythmia abated. The patient had 
re urrent sustained VT 3 hours after the initial bolus of 
magnesium. His recurrent VT was again terminated with 
1 econd bolus of MgS0O4. An MgSO, infusion was then 
hegun, but the patient experienced a third episode of VT 
¢ hours into the infusion of 1 g/hr. He was then success- 
fully treated with lidocaine for the next 24 hours. 

-Patient no. 11 received MgSO, after induction of 
tustained monomorphic VT with programmed stimula- 
l t He had py maintained this arrhythmia for 













amiodarone; AAD = = antiarrhythmic drug therapy at time of magnesium intervention; BB 
= left ventricular ejection fraction; IV = dose of magnesium bolus (in grams); K 
= phenytoin; Post = magnesium level after total dose (in mezdi; Ppf = 


ie ; T = tocainide; Tatal = total magnesium dose (bolus + infusion); VT CL/Dur = ventricular tachycardia ` 
‘att in ms)/ duration of arrhythmia before magnesium pila (in hours); O = unsuccessful treatment: + = successful treatment: 
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ES EEE REEN 
CL/Dur IV Total Pre Post K R 

4 ; o 
460/0.2 2 2 2.0 2.3 47 0: 
390/1.0 2 12 15 3.8 49 +... 
400 /0.6 2 7 1.8 2.4 5.3 + 
400 /0.5 2 12 1 3.2 40 O| 
360/13.0 2 5 2.2 = 3.8 oo 
460/0.2 5 10 2.0 3.6 49 +: 
450/0.7 2 10 1.6 29 3.7 +o 
460/6.0 2 5 2.6 3.8 45 + 
320/0.1 5 5 1.8 5.8 3.7 + 
380/0.5 2 10 2.6 44 45 +o 





= 8 blocker; CAD = coronary artery disease; CHD = congona heart disease; DC = dh ` 
= initial serum potassium level ~ 
propafenone; Pre = initial serum | 








-~ = not available. 








































on MgSO, therapy for polymorphic VT or recurrent ven- 
tricular fibrillation.*5-7-2-10 In these reports, MgSO, of- 
ten controlled ventricular tachyarrhythmia regardless of 
the initial serum magnesium level. The mechanism by 
which magnesium might exert an antiarrhythmic effect is 
unclear. Magnesium deficiency may promote arrhyth- 
mias by enhancing after-depolarizations,’ because mag- 
nesium is a cofactor of membrane sodium potassium 
adenosine triphosphatase. 10 If this enzyme’s activity is 
impaired due to magnesium deficiency, intracellular po- 
tassium levels may decrease, leading to increasing cellu- 
lar excitability. In this setting potassium infusion may not 
restore intracellular levels, whereas magnesium may aç- 
complish this. Additionally, magnesium has been shown. 
to have basic electrophysiologic actions that may relate to ` 
an antiarrhythmic effect. Magnesium prolongs the effec- 
tive refractory period and alters the inward rectifying. 
potassium channel in experimental animal models.!!-!2 
The clinical significance of these observations is unclear; 
DiCarlo et al!? have shown that magnesium did not have: 
an effect on the ventricular effective refractory period 
despite high doses. An additional mechanism of action. 
could be that magnesium blocks slow calcium channels, !4 
In the current study, the rapid infusion of MgSO, was not 
intended to correct deficient states but rather was consid- 
ered a pharmacologic intervention, as an antiarrhythmic 
effect occurred without regard to the initial serum mag- : 
nesium level. i 
This report suggests that intravenous MgSO, therapy: 
can terminate monomorphic VT regardless of the under- 
lying mechanism or serum magnesium level. The optimal. 
dose and frequency of efficacy cannot be ascertained | 
from the limited number of patients treated in this report 
Additionally, we administered MgSO, only to selected. 
patients with hemodynamically stable VT, many. of- 
whom were already receiving antiarrhythmic drugs 
However, high doses of magnesium were well tolerated 
without significant adverse reactions. Until these issu 
are Clarified, magnesium should be considered a sho 
term intervention in patients with sustained monom 
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morning increase in the occurrence of cardiac events 
Ahas recently been described in patients with coronary 
ee artery disease who present with acute myocardial infarc- 
tion, sudden cardiac death and unstable angina.’ Almost 
all of these reports have demonstrated that these events 
are more likely to occur between 6 A.M. and noon than 
during other times of the day. Several mechanisms have 
-been postulated to explain this Phenomenon, including 
- increased platelet aggregation,” elevated plasma cate- 
-cholamines,? increased coronary artery tone* or other 
factors either acting alone or in combination. 
Patients with sustained ventricular tachycardia (VT) 
-© frequently have advanced structural heart disease, most 
often related to underlying coronary artery disease. Data 
from ambulatory electrocardiographic recordings of pa- 
- tients who have an out-of-hospital cardiac arrest without 
acute myocardial infarction show that the most common 
-initial arrhythmia is monomorphic VT, which is fre- 
< quently preceded by a period of acceleration of the sinus 
rate.’ Therefore, we investigated if the time of onset of 
VT might show a similar pattern. 
_ Sixty-eight consecutive patients (59 men, 9 women) 
with a mean age of 65 + 12 years had sustained VT with 
a mean cycle length of 322 + 52 ms (range 200 to 400). 
hese included 53 patients who developed sustained VT 
>30 seconds), which was unassociated with acute myo- 
cardial infarction and had been documented by 12-lead 
electrocardiography. Among these 53 patients, VT was 
associated with syncope in 27, presyncope in 11 and 
palpitations i in 15. In addition, 15 patients presented with 
1 single episode of syncope or presyncope for which no 
cause was apparent, but who had sustained monomor- 
phic VT induced during electrophysiologic study. 
> None A the 68 patients had a history of previous 
iS f aukaugh 10 (15%) were receiving a con- 
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ventional antiarrhythmic agent when they developed VT | 
(flecainide in 4, quinidine in 3, disopyramide in 2 and | 
amiodarone in 1). In addition, 7 patients (10%) were | 
receiving a 8-adrenergic blocking agent when they devel: -~ | 
oped VT. | 
Organic heart disease was evident in 67 patients. The | 
most frequent cause was coronary artery disease, which | 
was present in 56 (82%). This was defined by a history of | 
documented acute myocardial infarction in 34, the pres- a 
ence of >70% diameter stenosis of at least 1 major | 
coronary artery at angiography in 20, and a typical his- | 
tory of angina pectoris in 2. Of the remaining 12 patients, 
9 had dilated cardiomyopathy, one had right ventricular | 
dysplasia, one had severe mitral regurgitation, and the _ 
remaining patient had no evidence of structural heart - 
disease. Left ventricular dysfunction (ejection fraction — 
<45% by radionuclide ventriculography) was present in — 
52 patients (76%). The mean ejection fraction for the o 
total group was 35 + 13%. oe 
All electrocardiograms were recorded at a standard a 
paper speed (25 mm/s) and amplitude (1 cm/mV). Si- - 
multaneous multichannel recordings were obtained dur- _ 
ing most spontaneous episodes. The electrocardiograms — 
of all 53 patients who developed spontaneous sustaine 
monomorphic VT were reviewed by 2 experienced ele 
trocardiographers using the following diagnostic criteri 
for VT: a wide QRS (>0.12 second) tachycardia & 
beats/min) sustained >30 seconds; presence of atriover 
tricular dissociation; and typical QRS morphology in 
and Vs. Interobserver differences occurred <5% 
time and were resolved by consensus. In addition, clini 
arrhythmia was induced by programmed ventri: 
stimulation during baseline study and before pharmaco 
logic testing in 27 of the 68 patients. 
Electrophysiologic study was performed in the 
sedated state aa written A consent h 































ocardiographic leads: I, I I, 1 arid. v; and 
lia c electrocardiograms were recorded at a pa- 
| of 100 mm/s on an Elema Mingograf recorder 
ns-E lema). Programmed intracardiac ventricu- 
1ulation was done by a Devices Neurolog Stimu- 
at delivered impulses of 2-ms duration and volt- 
it approximatel y twice diastolic threshold. Sin- 
d. finally 3 ventricular extrastimuli scanned 
during sinus rhythm, after a train of 8 paced 
100 and 130 beats/min, decreasing by 10-ms 
ls until ventricular refractoriness was encoun- 
Coupling intervals <200 ms were avoided and 
ere performed at 1 ventricular site only. Sus- 
d monomorphic VT was defined as a VT manifest- 
-by-beat uniform QRS confi iguration that lasted 
0 seconds or required pacing or direct counter- 
hock for its termination because of hemo- 
compromise. | 

h patient or his or her spouse or relatives were 
iewed. During these interviews, the time of onset of 
pe, presyncope or palpitations was highlighted. 
nset of VT was defined by the onset of symptoms 
_and the hourly frequency was determined for a 24-hour 
Priod for the 68 patients. 

_ The time of occurrence of the tachycardia was 
) grouped. into 2-hour intervals based on a 24-hour clock. 
By least-squares analysis, the time of onset of VT for 
-each patient was fitted to a sinusoidal density function 
with a period of 24 hours, as previously described’: 


F(t) = By + B, sin(2rt/24) 
ts By cos(2mt/24), O<1t< 24. 


YY where t= time (in hours). The relative frequency in the 
_time of onset of VT was determined from the highest and 
4 lowest values on the harmonic regression curve, Finally, 
chi-square analysis was used to compare the occurrence 
of VT determined by 6-hour intervals (centered at 3 AM., 
9 AM, 3 PM. and 9 pM.) in which the attacks of VT 
occurred. A p value <0.05 was considered significant. 
Figure 1 shows the relative frequency of VT and the 
estimated sinusoidal density function curve during the 
day. The estimated density function showed a peak inci- 
of onset of sustained VT between 10 AM. and 12 
with a corresponding minimum incidence between 
zand 1 aM. The estimated density function was: 
F(t) = 0.0417 + 0.0079 sin(27t/24) 

— 0.0370 cos(2rt/24), O<t < 24. 


je c occurrence of VT within the 6-hour intervals cen- 
‘around 9 a.m. including the peak period (10 aM. to 
noon) determined from the estimated density function 
was significantly more frequent than that record- 
ing the other 3 intervals, centered around 3 AM. 3 

nd 9 pM. (p <0.01). 
e results of our study demonstrate that a significant 
n variability exists in patients with symptomatic 
VT. The peak incidence is between 10 a.m. and 
is pattern is similar to that reported for acute 
farction, sudden cardiac death and tran- 
Rece nt studies have- also 






















































- tients with coronary artery disease and VT might Be 


enna a morning increa ein 
detected by ambulatory monitoring, Lucen 
lyzed diurnal variation of VT (>3 beats) recorded 
ambulatory monitoring in patients with recent or hea 
myocardial infarction. While they found a similar p 
incidence of around 12 noon in patients with old myoca: 
dial infarction, patients with VT detected early. afte 
myocardial infarction had a later peak (4:30 pm). I 
addition, Raeder et al® observed that the frequency o 
ventricular ectopic complexes peaked between 10 Ax 
and 12 noon. Our finding of a similar morning increas 
for sustained VT is in general agreement with these. 
studies. É 

Several mechanisms may explain the higher jide 
of sustained VT between 10 a.M. and 12 noon. In patients- 
with coronary artery disease, reduced oxygen supply dù 
to increased coronary vascular tone during early awak 
hours may induce VT in some.‘ In addition, a recen 
study? has demonstrated enhanced platelet aggregabilit: 
during these hours; this might theoretically increase myo- 
cardial ischemia and precipitate cardiac events, includin 
sudden cardiac death and myocardial infarction.? Final 
ly, increased ventricular arrhythmia may relate to elevat 
ed catecholamine levels or altered autonomic tone tuning 
these hours.? : 

These results may have therapeutic implications for : 
the management of patients with a clinical history of VT- 
who are being treated with antiarrhythmic agents. Theo- 
retically, drug therapy should be given to maximize plas- i 
ma concentrations during the most vulnerable time peri 
od in the day. In addition, the compounding influences 
high circulating catecholamine levels and increased m 
cardial ischemia during the early waking hours in pa 
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: gation of Limitation of ira Size P in 
which treatment with 8 blockers appeared to abolish the 
orning increase in the occurrence of acute myocardial 
ifarction. 
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_Echocardiographic Follow-Up 


ge report our initial experience and 6-month follow- 
=o WW up data in patients with degenerative calcific aortic 
S yt stenosis who underwent ultrasonic debridement of the 
aortic valve. Criteria for patient selection, details of oper- 
< < ative technique and echocardiographic follow-up are in- 
` cluded. 
The ultrasonic surgical aspirator (CUSA™ System, 
-Cooper Medical) was originally developed for neurosur- 
gical procedures. The device fragments tissue in a con- 
trolled fashion with minimal effect on adjacent tissue. 
: -The handpiece contains a transducer composed of a 
stack of nickel alloy laminations that convert electro- 
| magnetic energy into mechanical vibrations. A magnetic 
-= field produced by a coil placed around the laminations 
produces longitudinal mechanical motion at 23,000 cy- 
=- ¢les/s. The motion of the vibrating tip fragments tissue 
-~on contact. The tip stroke magnitude is adjustable. Ster- 
‘ile irrigating solution flows between the tip and a protec- 
tive flue and fragmented tissue is aspirated into the hol- 
low tip when suction is applied. The system therefore 
provides the capability to selectively remove tissue layer 
by. layer in a controlled fashion. 
`- Fhere are 3 major variables that can be adjusted. The 
intensity of vibration can be varied from 0 to 100%. We 
have found that setting the vibration level at 90% is 
necessary to fragment the dense calcific deposits. The 
flow of irrigation is adjusted to a level that cools the tip 
of the probe adequately. The level of suction is then 
adjusted to prevent the irrigating solution from obscur- 
g visualization of the valve leaflet. 
-: -Candidates for surgical treatment of important aor- 
tic stenosis oe informed consent to have ultrasonic 
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Ultrasonic Debridement of the Aortic Valve with Six-Month 
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debridement of the aortic valve as an alternative to sale $ 
replacement if deemed appropriate by the surgeon in- | 
specting the valve. Nine patients (5 men and 4 women) | 
with a mean age of 73 years (range 61 to 85) underwent | 
ultrasonic aortic valve debridement. Leaflet perforation | 
occurred in 1 patient who then underwent immediate — 
aortic valve replacement. The remainder of this report is | 
based on data from the 8 patients who had successful | 
aortic valve debridement performed. Ultrasonic valve 
debridement was combined with coronary artery bypass 
in 7 of the 8 patients. | 
Debridement was performed only in instances where _ 
the valve morphology was consistent with that seen in — 
degenerative (senile) calcific aortic stenosis? Specific > 
criteria include (1) presence of a tricuspid aortic valve, — 
(2) calcific deposits localized to the base of the valve — 
leaflets and the aortic side of the valve, (3) minimal _ 
anular calcific deposits, (4) no more than minimal aortic _ 
regurgitation as determined by echocardiography or an- 
giography and confirmed at operation, and (5) no fusion iz 
of the valve commissures. e 
Following aortic cross-clamping and crystalloid car- 
dioplegia, the aortic valve was evaluated for possible 
ultrasonic debridement. The coronary arteries were o 
cluded to prevent embolization of calcific fragments 
Each leaflet was approached separately using the ultra- 
sound probe to loosen and debride the calcific deposi 
As in coronary artery surgery, the use of magnification is 
essential for this procedure. Each cusp is composed | of 
dense connective tissue layer (the fibrosa) arising from 
the anulus. The fibrosa is surrounded by a variable 
amount of myxomatous tissue, and finally by a th 
layer of endothelium. In degenerative calcific aortic > st 
nosis, calcium is deposited between the fibrosa and the 
endothelium on the aortic side of the valve. The end 
lial cover of the valve leaflet is. elevated by the 
sound dprobe,w which i is then used to fragment the un 
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Gbtaned at Cardiac. Catheterization: no preoperative echocardiogram available. 
HR ier aor regurgitation; AVA = aortic valve area; Cl = cardiac index; G = gradient: 
ot art rate. | 


l ing caleifi c deposits into small grains that are aspirated 
by the suction tip of the probe. Mobility and pliability 
_were considered adequate only when the valve cusps 
could be manually folded back completely into their 
respective aortic sinuses. After all 3 cusps are debrided, 
the aortic root is irrigated to remove any calcific debris 
_and the valve is inspected for competence. The operation 
: is concluded as usual. 

< Patients did. not receive anticoagulation postopera- 
3 tively. Prophylactic antibiotics are recommended for all 
patients after aortic valve debridement who undergo 
dental procedures or other surgical procedures. 

Echocardiographic studies were performed in 7 pa- 
tients preoperatively and in all patients before hospital 
discharge. Follow-up echocardiographic (M-mode, 2- 
dimensional and Doppler) studies were performed at 6- 
‘month intervals postoperatively. Doppler data were ac- 
-quired using the combination of pulsed, continuous wave 
and color flow mapping techniques. Cardiac index (li- 
I /min/m?) was derived from the velocity time integral 
‘onjunction with the cross-sectional area of the left 
icular outflow tract. Doppler-derived measure- 
S of mean transaortic gradients were obtained and 
expressed as mm Hg. Aortic valve areas were calculated 
and expressed as cm?. Aortic regurgitation was estimat- 
ed by Doppler and color flow imaging techniques and 
graded on a 0 to 4+ scale. 
= A modified t test (for paired data) was used for all 
istical comparisons. 
-Pre- and postoperative (1 week) data for all 8 pa- 
ts are summarized in Table I. The mean transaortic 
lient after ultrasonic debridement decreased froma 
n of 40.75 + 17.7 to 14.62 + 6.97 mm Hg (p 

). Mean aortic valve area increased from 0.78 + 

+ 0. 34 m no <0. — The mean grade of 
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TABLE il Postoper wë a Week) 2 arid Late Mont 
Follow-Up Echocardiographic Data 


HR Cl 
(beats / (liters / 
i min/m?) 

























1 1 week : 9 2.24 1.0 
6 months 69 3.03 10 1.74 1.0 

3 1 week 90 2.97 15 1.60 1.0 
6 months 75 3.49 16 1.60 1.5 

41 week 75 2.55 10 1.44 1.0 
6months 80 3.19 11 1.31 1.5 

5 1 week 72 3.37 28 1.30 05 
6months 60 2,79 24 1.10 1 

6 1 week — 98 2.96 13 1.52 1 






6 months 












Abbreviations as in Table |. 





aortic insufficiency preoperatively was 0.75 + 0.46 and 
was 0.87 + 0.52 after ultrasonic debridement (1 = triv- 
ial; 4 = severe) (p <0.05). i 
Mean follow-up is 6 months (range 2 to 11). To ue 
5 patients have had echocardiograms performed 6 
months postoperatively (Table II). The mean transval- 
vular gradient 1 week after ultrasonic debridement was - 
15 + 7.0 mm Hg and was 14.8 + 5.6 mm Hg at 6 months. — 
Mean aortic valve area was 1.62 + 0.36 cm? at 1 week — 
and 1.42 + 0.25 cm? at 6 months. This was not a statisti- = 
cally significant difference. The mean grade of aortic 
insufficiency increased slightly from 0.9 + 0.22 tol4 
0.42 (p <0.05). No patient has more than mild (grade ; 
1.5) aortic insufficiency. 2 
The sixth patient developed chest pain 6 months after : 
coronary artery bypass and ultrasonic debridement of : 
the aortic valve. Angiography demonstrated proximal 




























FIGURE 1. Histologic section from 1 leaflet of the aortic valve 
removed from patient no. 6. Ultrasonic debridement was per- 
formed 6 months previously. The aortic surface of the valve — 3 
are the remnants of much larger deposits removed at the orig- 
inal operation, rest on the fibrosa. These calcific remnants are 

covered by collagenous tissue, which has recreated the a 
smooth surface of the aortic side of the valve. Reendotheliali- 
zation has occurred. There are a few capillaries present be- 
neath the recently deposited connective tissue, consistent with 
a mild inflammatory process. The fibrosa remains intact. Ao 
aortic side of valve; C = collagen; Ca = calclum; F = bros: 
LV = left ventricular cavity. PERE cer 
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here was no aortic stenosis but there 


pler echocardiographic data (Table IT). Ordi- 
this patient would not have been considered a 
ate for repeat surgery on the basis of this mild 
egree of aortic insufficiency. However, the valve was 
xplored at the time of reoperation for vein graft steno- 
"he valve leaflets were smooth and pliable. There 
ily very minimal central valvular incompetence. 
e of the lack of long-term experience with ultra- 
lebridement, the decision was made to replace the 
Figure 1 shows a section of a valve leaflet from 
patient. The aortic surface of the valve has been 
completely remodeled and reendothelialized. There is 
ONL. y minimal evidence of an inflammatory response 
- (small capillaries that cover the aortic side of the leaflet 
beneath the connective tissue). The valve architecture 
emains intact. 
= The remaining 7 patients are all clinically well and in 
-New York Heart Association functional class I or II. 
There have been no thromboembolic events even though 
-these patients have not received anticoagulation. No epi- 
sodes of endocarditis have been observed and as yet no 
patient has required aortic valve replacement for aortic 
insufficiency. 
Debridement of the aortic valve may be an effective 
alternative to valve replacement for patients with degen- 
erative (senile) calcific aortic stenosis.>4 Mindich et al? 
“reported favorable results in 23 patients followed from 6 
months to 6 years after mechanical aortic valve debride- 
ment. The advantages of debriding the aortic valve in 
patients with degenerative (senile) aortic stenosis include: 
(1) preservation of the native valve, with an orifice-to- 
diameter ratio that is superior to any current prosthetic 
- device; (2) avoidance of anticoagulation in elderly pa- 
- tients; (3) applicability in patients with small aortic roots 
= who otherwise might need aortic root enlargement for 
placement of an appropriately sized prosthetic device; 
and (4) treatment of moderate aortic stenosis in patients 
who require operation for coronary artery disease. The 
major disadvantage of previous manual debridement 
techniques is that it is difficult to remove sufficient calci- 
um to improve valve function without damaging underly- 
ing leaflet tissue.'° 
S Our initial results with ultrasonic debridement are 
similar to those reported by Freeman (16 patients),’ 
= Nagelhout (17 patients),° Schwinger (9 patients) and 
= their co-workers. 
= Aortic regurgitation, or frank leaflet perforation, at 
__ the time of valve debridement has not been a major prob- 
~ Jem. An understanding of the structure of the aortic valve 
_and the deposition of calcium in degenerative aortic ste- 
- nosis is necessary before safe and expeditious removal of 
calcium can be routinely accomplished.'’* The plane 
yetween the calcium deposits and the fibrosa must be 
efully developed, to allow calcium removal while 
ding damage to the main structural component of the 
et, the fibrosa. Aortic regurgitation was unchanged 
ely after ultrasonic debridement in our patients 

















































(Table T). Freeman et al’ reported decreased or. 
+ aortic insufficiency. This correlated well. 
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changed amounts of aortic insufficiency in 14 of 16 
tients. However, Schwinger et alê reported increased (b 
mild) aortic insufficiency in 4 of 9 patients after ultrason- 
ic debridement. | is 
The incidence of restenosis and the time course. of 
continued calcium deposition on these valves remains 
be determined. Only 2 groups have reported data | 
patients beyond the time of initial hospital discharge ( 
Freeman, unpublished observations). In both stu 
aortic valve area was maintained over time and transval. 
vular gradients did not increase after 6 to 7 months. The 


cardiographic studies obtained 3 months postoperatively 
showed that her valve area had decreased to 0.78 cm’. — 
Aortic insufficiency was not increased. In retrospect, we. 
believe she did not have the degenerative type of aortic — 
stenosis. Our conclusion is based in part on the presence = 
of more than minimal fusion of the valve commissures. § 
Patients with other types of aortic stenosis have higher | 
rates of restenosis after standard valve debridement? § 
Therefore, we do not recommend performing ultrasonic | 
debridement on any valve with even minimal commissur- | 
al fusion. On the basis of our experience and the available _ 
data, we feel valve area after ultrasonic debridement _ 
should increase to at least 1.5 cm’. Be ee 
The development of late aortic regurgitation in pa- — 
tients with degenerative aortic stenosis after ultrasonic 
debridement is another important issue. Freeman et al _ 
followed 21 patients for a mean of 7 months after ultra- 
sonic debridement. Increases in valve area and decreases. - 
in mean gradient were preserved at follow-up. However, 
aortic regurgitation increased to a mean grade of 2.3 £ 
0.8 (1 = trivial, 4 = severe) in 19% of patients. Approxi- 
mately 12% of patients developed clinical symptoms of — 
aortic insufficiency, and some patients developed severe 
aortic insufficiency requiring valve replacement (W. | 
Freeman, unpublished observations). oS 
Other important concerns include the time course of — 
remodeling of the roughened leaflet surface following 
debridement and the incidence of endocarditis in these _ 
patients. There is little information available with which _ 
to answer these questions. Review of the histopathology 
section seen in the resected valve from patient no. 6 would 
suggest that remodeling of the roughened surface occurs 
sometime within the first 6 months (Figure 1). The pres- 
ence of a smooth leaflet surface, covered with endotheli 
um, would seem to be the reason anticoagulants are no 
required in these patients. b 
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During the past 30 years, approximately 10, ,000 hur 5 
adult hearts with various types of cardiovascular diseases 


-have been examined i in this laboratory. Of that nun 


30 weighed >1,000 g.! The most common (15 patient: 
cause of the massive cardiomegaly was aortic regurgita- 
tion with or without other volume lesions, such as mitra 
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mon: ‘4 patients had aortic valve stenosis, but all also 
associated aortic regurgitation or mitral regurgitat 

Cardiomyopathy is a rare cause of massive ¢ 
megaly. Of >200 patients with idiopathic dilated card 
myopathy studied at necropsy in this laboratory, no 
had hearts weighing >1,000 g. Of 70 patients with 
ac amyloidosis extensive enough to cause cardia 
function, none had massive cardiomegaly. During 
past 30 years, we have studied at necropsy 220 p: 
with hypertrophic cardiomyopathy (HC) and 20 
them were >20 years of age. Of this latter number, ł 
hearts weighing >1,000 g. This report summarizes 
ings in these 8 patients and also describes the 
weights in 207 other patients with HC studied by us 
necropsy. 

Certain clinical and necropsy findings in the 8 
tients are summarized in Table I, and the cardiac 
weights in the men and women with HC studied by us ar 
summarized in Figure 1. Our definitions of HC are su 
marized in a previous publication.’ The scale ae 
weigh the hearts was accurate to <1 g. | 

Thus, HC needs to be added to the list of causes of 
massive cardiomegaly. What led to the massive cardic 
megaly in our 8 patients is unclear. These 8 patients did 
not appear to have larger bodies than did the patients 
with HC without massive cardiomegaly. It is extremely 
rare for massive cardiomegaly to occur in women. Yet, 2 
of our 8 patients were women, and the largest heart 
among the 8 belonged to a 21-year-old woman who 
weighed only 103 pounds (47 kg). She had a large myo- 
cardial infarct in the absence of narrowed epicardial coro- 
nary arteries, suggesting that she simply had too much 
myocardium to be perfused even by normal—albeit dilat- ne 
ed—epicardial coronary arteries. 

Left ventricular outflow obstruction was not a prereq- | 
uisite for massive cardiomegaly. Only 4 of the 8 patients. __ 
had either a thickened anterior mitral leaflet or a mural 
endocardial fibrous plaque in the left ventricular outflow 
tract in apposition to the anterior mitral leaflet. The latt 
2 lesions are considered the anatomic equivalents of sy 
tolic anterior motion of the anterior mitral leaflet, a find- 
ing usually associated with left ventricular outflow ob 
struction. Furthermore, of the 5 patients having cardiac 
catheterization, 2 had no outflow pressure gradients, ar 
in the 3 who did, the peak systolic pressure gradients were 
<50 mm Hg. Thus, outflow obstruction is not the cause 
of the massive cardiomegaly. 
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Partial ventricular septectomy and septotomy 12 years before death. 
hypertension. 
myocardial fiber disarray; 


i Apical left ventricular aneurysm. 


‘Partial ventricular se 
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At cardiac catheterization at age 1, the LV-SA PSG at rest was varied from 50 to 100 mm Hg, 
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in classic angina therapy’ 


Prescribe NITRO-BID" (nitroglycerin) with confidence, because it offers: 


m early onset of action m prolonged prophylactic effect = concomitant use with 


m dynamic hemodynamic m flexible dosage range beta-blockers and 
response calcium channel blockers 


-NITRO -BID 


z e manaement Capsules 9 mg, 
Sene (nitroglycerin) (fn osm 
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- Procan® SR 
(Procainamide Hydrochioride Tablets) SUSTAINED RELEASE 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


WARNING 
Positive ANA Titer: The prolonged administration of procainamide often leads to the devel- 
opment of a positive antinuclear antibody (ANA) test, with or without symptoms of a lupus 
erythematosus-like syndrome. If a positive ANA titer develops, the benefits versus risks of 
continued procainamide therapy should be assessed. 


INDICATIONS AND USAGE: Procan SR tablets are indicated for the treatment of life-th reatening 
ventricular arrhythmias. Procan SR is also indicated for the treatment of some patients with less 
severe, symptomatic ventricular arrhythmias, including unifocal or multifocal couplets and 
nonsustained ventricular tachycardia, Because procainamide hydrochloride has the potential to 
produce serious hematological disorders (0.5 percent), particularly leukopenia or agranulocytosis 
(sometimes fatal), the use of procainamide hydrochloride should be reserved tor patients in whom, 
in the opinion of the physician, the benefits of treatment clearly outweigh the risks. (See WARNINGS 
and Boxed Warnings.) For less serious arrhythmias, alternative therapies with less severe toxicity 
should be considered. Like all other antiarrhythmics, procainamide hydrochioride has not been 
shown to prevent sudden death in patients with serious ventricular ectopic activity, and also, like 
all other antiarrhythmics, procainamide hydrochloride has potentially serious adverse effects, 
including the ability to worsen arrhythmias. It is, therefore, essential that each patient given 
procainamide hydrochloride be evaluated electrocardiographically and clinically prior to, and 
during, procainamide hydrochloride therapy to determine whether the response to the drug 
supports continued treatment. 

CONTRAINDICATIONS: Complete Heart Biock: Procainamide should not be administered 
to patients with complete heart block because of its effects in suppressing nodal or ventricular 
pacemakers and the hazard of asystoie. It may be difficult to recognize complete heart block in 
patients with ventricular tachycardia, but if significant slowing of ventricular rate occurs during 
PA treatment without evidence of AV conduction appearing. PA should be stopped. in cases 
of second degree AV biock or various types of hemiblock, PA should be avoided or discontinued 
because of the possibility of increased severity of block, unless the ventricular rate is controlled 
by an electrical pacemaker. Idiosyncratic Hypersensitivity: In patients sensitive to procaine 
or other ester-type local anesthetics, cross sensitivity to PA is unlikely; however, it should be borne 
in mind, and PA should not be used if it produces acute allergic dermatitis, asthma, or anaphylactic 
symptoms. Lupus Erythematosus: An established diagnosis of systemic lupus erythematosus 
is a contraindication to PA therapy, since aggravation of symptoms is highly likely. Torsades de 
Pointes: in the unusual ventricular arrhythmia called “les torsades de pointes’ (twistings of the 
points), characterized by alternation of one or more ventricular premature beats in the directions 
of the QRS complexes on ECG in persons with prolonged QT and often enhanced U waves, Group 
1A antiarrhythmic drugs are contraindicated. Administration of PA in such cases may aggravate 
this special type of ventricutar extrasystole or tachycardia instead of suppressing it. 
WARNINGS 


Blood Dyscrasias: Agranulocytosis, bone marrow depression, neutropenia, hypoplastic 
anemia and thrombocytopenia have been reported in patients receiving procainamide 
hydrochloride at a rate of approximately 0.5%. Most of these patients received procainamide 
hydrochloride within the recommended dosage range. Fatalities have occurred (with 
approximately 20-25 percent mortality in reported cases of agranulocytosis). Since most of 
these events have been noted during the first 12 weeks of therapy, it is recommended that 
complete blood counts including white ceil, differential and platelet counts be performed 
at weekly intervals for the first three months of therapy; and periodically thereafter. Complete 
blood counts should be performed promptly if the patient develops any signs of infection 
(such as fever, chills, sore throat, or stomatitis), bruising, or bleeding. If any of these hematologic 
disorders are identified, procainamide hydrochioride should be discontinued. Blood counts 
usually return to normal within one month of discontinuation. Caution should be used in 
patients with preexisting marrow failure or cytopenia of any type (see ADVERSE REACTIONS). 





















Digitalis intoxication: Caution should be exercised in the use of procainamide in arrhythmias 
associated with digitalis intoxication. Procainamide can suppress digitalis-induced arrhythmias: 
however, if there is concomitant marked disturbance of atrioventricular conduction, additional 
depression of conduction and ventricular asystole or fibrillation may result. Therefore. use of 
procainamide should be considered only if discontinuation of digitalis, and therapy with potassium, 
lidocaine, or phenytoin are ineffective. First Degree Heart Block: Caution should be exercised 
also if the patient exhibits or develops first degree heart block while taking PA, and dosage reduction 
is advised in such cases, If the block persists despite dosage reduction, continuation of PA 
administration must be evaluated on the basis of current benefit versus risk of increased heart 
block. Predigitatization for Atrial Flutter or Fibrillation: Patients with atrial flutter or fibrillation 
shouid be cardioverted or digitalized prior to PA administration to avoid enhancement of AV 
conduction which may result in ventricular rate acceleration beyond tolerable limits. Adequate 
digitalization reduces but does not eliminate the possibility of sudden increase in ventricular rate 
as the atrial rate is slowed by PA in these arrhythmias. Congestive Heart Failure: For patients 
in congestive heart failure, and those with acute ischemic heart disease or cardiomyopathy, caution 
should be used in PA therapy, since even slight depression of myocardial contractility may further 
reduce cardiac output of the damaged heart. Concurrent Other Antiarrhythmic Agents: 
Concurrent use of PA with other Group 1A antiarrhythmic agents such as quinidine or disopyramide 
may produce enhanced prolongation of conduction or depression of contractility and hypotension, 
especially in patients with cardiac decompensation. Such use should be reserved for patients 
with serious arrhythmias unresponsive to a single drug and employed only if close observation 
is possible. Renal Insufficiency: Renal insufficiency may lead to accumulation of high plasma 
levels from conventional oral doses of PA, with effects similar to those of overdosage (see 
OVERDOSAGE), unless dosage is adjusted for the individual patient. Myasthenia Gravis: Patients 
with myasthenia gravis may show worsening of symptoms from PA due to its procaine-like effect 
on diminishing acetylcholine release at skeletal muscle motor nerve endings, so that PA 
administration may be hazardous without optimal adjustment of anticholinesterase medications 
and other precautions. 

PRECAUTIONS: General: immediately after initiation of PA therapy, patients should be closely 
observed for possible hypersensitivity reactions, especially if procaine or focal anesthetic sensitivity 
is suspected, and for muscular weakness if myasthenia gravis is a possibility. in conversion of 
arterial fibrillation to normal sinus rhythm by any means, dislodgment of mural thrombi may lead 
to embolization, which should be kept in mind. After approximately two days, steady state plasma 
PA levels are produced following regular oral administration of a given dose of Procan SR tablets 
at set intervals. After achieving and maintaining therapeutic plasma concentrations and satisfactory 
electrocardiographic and clinical responses, continued frequent periodic monitoring of vital signs 
and electrocardiograms is advised. If evidence of QRS widening of more than 25 percent or marked 
prolongation of the Q-T interval occurs, concern for overdosage is appropriate, and reduction in 
dosage is advisable if a 50 percent increase occurs. Elevated serum creatinine or urea nitrogen, 
reduced creatinine clearance, or history of renal insufficiency, as well as use in older patients (over 
age 50), provide grounds to anticipate that less than the usual dosage and longer time intervals 


Procan® SR 
(Procainamide Hydrochloride Tablets) SUSTAINED RELEASE 


between doses may suffice. since the urinary elimination of PA and NAPA may be reduced, leading 
to gradual accumulation beyond normally predicted amounts. if facilities are available for 
measurement of plasma PA and NAPA, or acetylation capability, individual dose adiustment for 
optimal therapeutic levels may be easier, but close observation of clinical effectiveness is the most 
important criterion. In the longer term, periodic complete blood counts are useful to detect possible 
idiosyncratic hematologic effects of PA on neutrophil, platelet or red cell homeostasis: agranulo- 
cytosis has been reported to occur occasionally in patients on long-term PA therapy. A rising titer 
of serum ANA may precede clinical symptoms of the tupoid syndrome (see Boxed Warnings and 
ADVERSE REACTIONS). if the lupus erythematosus-like syndrome develops in a patient with 
recurrentife-threatening arrhythmias not controlled by other agents, corticosteroid suppressive 
therapy may be used concomitantly with PA. Since the PA-induced iupoid syndrome rarely includes 
the dangerous pathologic renal changes, PA therapy may not necessarily have to be stopped 
unless the symptoms of serositis and the possibility of further lupoid effects are of greater risk than 
the benefit of PA in controlling arrhythmias. Patients with rapid acetylation capability are less likely 
to develop the lupoid syndrome after prolonged PA therapy. Information for Patients: The 
physician is advised to explain to the patient that close cooperation in adhering to the prescribed 
dosage schedule is of great importance in controlling the cardiac arrhythmia safely, The patient 
should understand clearly that more medication is not necessarily better and may be dangeraus, 
that skipping doses or increasing intervals between doses to suit personal convenience may lead 
to loss of control of the heart problem. and that “making up’ missed doses by doubling up later 
may be hazardous. The patient should be encouraged to disclose any past history of drug 
sensitivity, especially to procaine or other local anesthetic agents, or aspirin, and to report any 
history of kidney disease, congestive heart failure. myasthenia gravis, liver disease, or lupus 
erythematosus. The patient should be counseled to report promptly any symptoms of arthralgia, 
myalgia, fever, chills, skin rash, easy bruising, sore throat or sore mouth, infections, dark urine 
or icterus, wheezing, muscular weakness, chest or abdominal pain, palpitations, nausea, vomiting, 
anorexia, diarrhea, hallucinations, dizziness, or depression. The patient should be advised nat 
to break or chew the tablet as this would interfere with designed dissolution characteristics. The 
tablet matrix of Procan SR may be seen in the stoot since it does not disintegrate following release 
of procainamide. Laboratory Tests: Laboratory tests such as complete blood count (CBC), 
electrocardiogram, and serum creatinine or urea nitrogen may be ind:cated, depending on the 
clinical situation, and periodic rechecking of the CBC and ANA may be helpful in early detection 
of untoward reactions. Drug Interactions: lf other antiarrhythmic drugs are being used, additive 
effects on the heart may occur with PA administration, and dosage reduction may be necessary 
(see WARNINGS). Antichalinergic drugs administered concurrently with PA may produce additive 
antivagal effects on A-V nodal conduction, although this is not as well documented for PA as for 
quinidine, Patients taking PA who require neuromuscular blocking agents such as succinyicholine 
may require less than usual doses of the latter, due to PA effects on reducing acetyicholine release. 
Drug/Laboratory Test interactions: Suprapharmacologic concentrations of lidocaine and 
meprobamate may inhibit fluorescence of PA and NAPA, and propranolol shows a native fluores: 
cence close to the PAYNAPA peak wavelengths. so that tests which depend on fluorescence 
measurement may be affected. Carcinogenesis, Mutagenesis, Impairment of Fertility: Long 
term studies in animals have not been performed. Teratogenic Effects: Pregnancy Category 
C: Animal reproduction studies have not been conducted with PA, It aiso is not known whether 
PA can cause fetal harm when administered to a pregnant woman or can affect reproduction 
capacity. PA shouid be given to a pregnant woman only if clearly needed. Nursing Mothers: 
Both PA and NAPA are excreted in human milk, and absorbed by the nursing infant. Because 
of the potential for serious adverse reactions in nursing infants, a decision to discontinue nursing 
or the drug should be made, taking into account the importance of the drug to the mother. Pediatric 
Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Cardiovascular System: Hypotension following oral PA administration 
iS rare. Hypotension and serious disturbances of cardiorhythm such as ventricular asystole or 
fibrillation are more common after intravenous administration (see OVERDOSAGE, WARNINGS). 
Second degree heart block has been reported in 2 of almost 500 patients taking PA oraily. 
Multisystem Effects: A lupus erythematosusJike syndrome of arthralgia, pleural or abdominal 
pain, and sometimes arthritis, pieural effusion, pericarditis, fever, chills, myalgia, and possibly related 
hematologic or skin lesions (see below) is fairly common after prolonged PA administration, 
perhaps more often in patients who are slow acetylators (See Boxed Warnings and PRE- 
CAUTIONS). While some series have reported less than 1 in 500, others have reported the 
syndrome in up to 30 percent of patients on long term oral PA therapy. If discontinuation of PA 
does not reverse the lupoid symptoms, corticosteroid treatment may be effective. Hematologic 
System: Neutropenia, thrombocytopenia, or hemolytic anemia may rarely be encountered. Agran- 
ulocytosis has occurred alter repeated use of PA, and deaths have been reported (see WARNINGS 
and Boxed Warnings). Skin: Angioneurotic edema, urticaria, pruritus, flushing. and maculopapular 
rash have also occurred occasionally. Gastrointestinal System: Anorexia, nausea, vomiting, 
abdominal pain, bitter taste, or diarrhea may occur in 3 to 4 percent of patients taking oral 
procainamide. Hepatomegaly with increased serum aminotransferase activity has been reported 
after a single oral dose. Nervous System: Dizziness or giddiness, weakness, mental depression, 
and psychosis with haliucinations have been reported occasionally. 

OVERDOSAGE: Progressive widening of the QRS complex, prolonged QT and P-R intervals, 
lowering of the R and T waves. as weli as increasing AV block, may be seen with doses which 
are excessive for a given patient. Increased ventricular extrasystoles, or even ventricular tachycardia 
or fibrillation may occur After intravenous administration but seldom after oral therapy. transient 
high plasma levels of PA may induce hypotension, affecting systolic more than diastolic pressures, 
especially in hypertensive patients. Such high levels may also produce central nervous depression, 
tremor, and even respiratory depression. Plasmalevels above 10 pg/mL are increasingly associated 
with toxic findings, which are seen occasionally in the 10 to 12 pg/mL range, more often in the 
12 to 15 pg/mL range. and commonly in patients with plasma levels greater than 15 ug/mL. A 
single oral dose of 2 g may produce overdosage symptoms, while 3 g may be dangerous, 
especially if the patient is a slow acetylator, has decreased renal function, or underlying organic 
heart disease. Treatment of overdosage or toxic manifestations includes general supportive 
measures, close observation, monitoring of vital signs and possibly intravenous pressor agents 
and mechanical cardicrespiratory support. If available, PA and NAPA plasma levels may be helpful 
in assessing the potential degree of toxicity and response to therapy. Both PA and NAPA are 
removed from the circulation by hemodialysis but not peritoneal dialysis. No specific antidote for 
PA is known. 

Storage Conditions: Protect from moisture. Store bottles below 30°C (86°F). Store unit-dose 
packages at controlled room temperature, 15°-30°C (59°-86°F), 


Caution — Federal law prohibits dispensing without prescription, 
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The prolonged administration of procainamide often leads to the BETENT of a positive 

antinuclear antibody (ANAJ test with or without symptoms of lupus erythematosus-like 
syndrome. if a positive ANA titer develops. the penefit/risk ratio related to continued 
Os ainamide therapy should be assessed. This may necessitate consideration of alternative 
antiarrhythmic therapy. 


NDICA IONS AND USAGE: Oral- Socana ie is indicated in the treatment of premature 
iGular, contractions, ventriouiar tachycardia, atrial fibrillation, and paroxysmal atrial 


+ TIONS: EEE T to procainamide is an absolute contraindication. In this 
tion cross: -sensitivity to procaine and related drugs must be borne in mind. 
ide sou not he administered to patients gi haa atrioventricular heart block. 


pacemaker | is operati ve. 
en: uggested that procainamide be contraindicated in patients wi th myasthenia gravis. 
ulocytopenia may follow the use of procainamide. and deaths from sepsis have 
ed. Leukocyte: changes are most likely to occur during the first three months of therapy. 
t ime routine blood counts should be done at least every two weeks and thereafter at 
ger i tervals throughout maintenance procainamide therapy. Complaints of malaise and aches 
u-type syndrome) are often reported in association wi ith the granulocyte depression. 
tients should be instructed to report such symptoms promptly, as weil as any soreness of 
(throat or gums, unexplained fever, or symptoms of an upper respiratory tract infection, If 
ses! ould occurand a complete blood count indicates a granulocyte depression, procainamide 
p y should be discontinued immediately and appropriate treatment instituted. Recovery of 
ocyte count usually occurs within a few weeks. 
i idence of granulocytopenia appears to be higher with procainamide sustained-release 
ablets than with standard tablets. 
TIONS: General — During administration of the drug. evidence of untoward myocardial 
spons s should be carefully watched for in ali patients. in the presence of an abnormal 
im, procainamide may at times produce untoward responses In atrial fiprilation or flutter, 
fioular rate may increase suddenly as the atrial rate is slowed. Adequate digitalization 
es. but does not abolish. this danger. If myocardial damage exists, ventricular tachysystole 
particularly hazardous. Correction of atrial fibrillation, with resultant forceful contractions of the 
; may cause a dislodgment of mural thromb: and produce an embolic episode. However, tt 
en. suggested that, in a patient who is already discharging emboli, procainamide is more 
a stop than to aggravate the process. 
Attempts. to adjust the heart rate in a patient who has developed ventricular tachycardia during 
oC $ coronary episode should be carried out with extreme caution. Cautionis also required 
rked disturbances of atraventricular conduction such as AV block, bundle branch block, or 
sre digitalis intoxication, where the use of procainamide may result in additional depression of 
ductio and ventricular asystole or fibriflation. 
tients with severe organic heart disease and ventricular tachycardia may also have 
ipi e té heart block, which is difficult to diagnose under these circumstances, this complication 
dalways-be kept in ‘mind when treating ventricular arrhythmias with procainamide. if the 
teis significantly slowed by procainamide without attainment of regular atrioventricular 
, the drug should be stopped and the patent reevaluated since asystole may result 
t these circumstances. 
atients receiving normal dosage. but who have both liver and kidney disease, symptoms of 
dosage (principally ventricular tachycardia and severe hypotens ion) may occur due to drug 
mulation, — 
Tous. hypotension can result from peripheral vasodilation and from decreases in cardiac 
Athigh plasma levels. procainamide may produce sinus lachycardia due to reflex sym. 
tic response to its hypotensive effect. Large doses may increase cardiac automaticity and 
di e completè atnoventricular block, cardiac standstill. or ventricular extrasystoles that may 
ed to. ventricular fibrillation. These effects on the myocardium are reflected in the elec- 
rdiogram: a widening of the QRS complex occurs most consistantly; less reguiarly, the P-R 
7 ervals ate prolonged: and the QRS and T waves show some decrease in voltage. 
antibodies (ANA) are often found in patients receiving long-term procainamide 
py. The induction of ANA appears to be independent of dosage. Patients with procainamide- 
increases in ANA titers may develop a syndrome resembling systemic lupus 
emalosus (SLE). The mechanism of this syndrome is uncertain. Polyarthraigia, arthritic 
toms, and pleuntic pain.are common symptoms; to a lesser extent fever myalgia, skin lesions. 
ieural éHiusion, pericarditis, headache, fatigue, weakness, nausea and abdominal pain may occur 
es of thrombocytopenia, Coombs positive hemolytic anemia. increased SGOT. SGPT. and 
amylase have been reported which may be related to this SLE-like syndrome. 
ommended that tests for systemic lupus erythematosus be carried out at regular intervals 
t ts receiving maintenance or prolonged procainamide therapy. The drug should be 
ntinued ifthere is arising ANA titer or clinical symptoms of SLE appear The SLE-like syndrome 
e upon discontinuation of the drug. H discontinuation does not cause remission 
orticostercid therapy may be effective. Ifthe SLE-like syndrome develops ina 
threatening arrhythmias not controllable by other antiarrhythmic agents. 
essive therapy may be used concomitantly with procainamide. 
ation for Patient— Practitioners should give the following information and instructions to 
è Procan SR. a Do not crush or chew these tablets. Swallow them whole. 2. Take 


Procan® SA (procainamide hydrochloride tablets) 


this medicine Salty as directed by your doctor, Do not miss any doses and o-nott 
medicine than ordered. Do not stop taking this medicine without first checking with your doc 

3. you missa dose and remember within one hour OF So. take itas soonas possible. Then g sK: 
to your regular dosing schedule. Do not take double doses. If you have any questions about thi 
check with your doctor, 4. Report to your doctor any flu-type symptoms, such as malaise an 
aches, as well as any soreness of the mouth, throat Or gums, unexplained fever, skin rash, ‘unusual 
bleeding or bruising, symptoms that resembie arthritis, or symptoms of an upper respiratory. tra 
infection. 5. Do not be concerned if you occasionally notice in your stool something that looks like 
a tablet. In Procan SR (procainamide hydrochioride tablets). the drug is*held*ina wax core th 
has been specially desiqned to slowly release the drug for your body to absorb. When this process 
iscompleted the empty. nonabsorbable wax core. which looks nearly unchanged, peas ted 
from your body. 6. Keep container tightly closed and store in a cool, dry place. — ` 
Laboratory Tests — Patients receiving procainamide for extended periods of time, or: in w 

symptoms suggestive of a lupus-like reaction appear, should have eminueee antibody thee 
measured at regular intervals. 

Routine blood counts are advisabie during maintenance procainamide therapy. See 
WARNINGS for additional information. 

Piasma concentrations of procainamide and NAPA should be monitored in parenie wih renal 
disease, hepatic disease, cardiac failure, or low cardiac output states. ey 
Drug interactions: 1. Antiarrhythmics: Concurrent use with procainamide may result in additive.” 
cardiac effects and/or additive toxic effects. 2. Anticholinergics: Procainamide enhances the "| 


anticholinergic effects, Extreme caution must be exercised with such a combination. 3. Anti- an 
cholinesterases: Procainamide antagonizes the effect of anticholinesterases in myasthenia 


gravis, and paralysis returns, 4. Antihypertensives: Procainamide may potentiate the- 
hypotensive effects of thiazide diuretics and other antihypertensive agents. Adjustment of dosag 
may be required. 5. Histamine H,-receptor antagonists: {thas been reported that histamine 
H,-receptor antagonists such as cimetidine and ranitidine reduce renal clearance: ° 
procainamide and NAPA, resulting in higher plasma concentrations for longer durations. Caution | 
shouid be exercised when administering these drugs concurrently, especially in the elderly; wh 
have a reduced ability to clear all three. Dosage modification may be required. 6. Neuromuscular 
Blocking Agents: Procainamide potentiates the effects of skeletai muscle relaxants such as. 


succinyicholine. it also may enhance or prolong the neuromuscular blocking activity of bacitracin, pa 


colistimethate, dihydrostreptomycin, gentamicin, gramicidin, kanamycin, neomycin, polymyxin, 
B, streptomycin. and viomycin, producing respiratory depression. r 
Pregnancy — Pregnancy Category C. Animal reproduction studies have not been conducted with: 
procainamide. itis also not known whether procainamide can cause fetal harm when administered: 
to a pregnant woman or can affect reproduction capacity. Procainamide should be given i to. 
pregnant woman only if clearly needed. 

Nursing Mothers ~ Procainamide and its major metabolite, NAPA, have been identified in breast 

milk. Caution shouid be exercised when procainamide is administered to a nursing woman. 


ADVERSE REACTIONS: Most frequent, especially with large oral doses: 1. Anorexia: ea 


2. Nausea: 3. Vomiting; 4. Diarrhea, 5, Urticaria; 6. Pruritus. E 
Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA); b. Syndrome resembling systemic lupus erythematosus (SLE) (See: 
PRECAUTIONS): 2. Hypersensitivity reactions: a. Angioneurotic edema; b. Maculopapular 
rash. c. Fever: d. Eosinophilia; e. Hypergammaglobulinemia. 

Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS): i 
2 Convulsions; 3. Psychosis with hallucinations, 4. Confusion, 5. Mental depressio! 
6 Giddiness; 7. Lightheadedness, 8. Weakness; 9. Bitter taste. 

Rare: 1. Hypotension. 2. A case was reported with fever and chills plus nausea, omii 
abdominal pain, acute hepatomegaly. and a rise in serum guany oxaloacetic transaminas 
following a single dose of the drug. 

OVERDOSAGE: Signs and Symptoms: Severe hypotension, ventricular fibi lation, widenin 
ORS complex. junctional tachycardia, intraventricular conduction delay, oliguriay lath 
confusion, nausea, and vomiting, 

Treatment: H ingestion is recent, emesis, activated charcoal, or gastric lavage may reduc 
absorption. Dopamine, phenylephrine, or fevarterenol may be helpful in reversing severe 
hypotensive responses. 

Management of overdosage includes symptomatic treatment with ECG and blood pressu 6 
monitoring. Procainamide toxicity can usually be treated, if necessary. by administering 
vasopressors after adequate fluid volume replacement. Intravenous infusion of 1/6 molar sodiurn 
lactate injection reportedly reduces the cardiotoxic effects of procainamide. 

if procainamide toxicity causes severe hypotension and renal insufficiency, ur! inary eliminat on 
of procainamide and NAPA is decreased, and hemodialysis may be required, Hemodialysis 
significantly reduces the serum half-life of procainamide, and effectively removes procainamide 
and NAPA. Peritoneal dialysis is not effective. 

it has been reported that one patient who ingested approximately 7 grams of procainamide 
hydrochloride recovered after treatment consisting of IV levarterenol, IV furosemide, attlempte j 
volume expansion with albumin, and hemodialysis, Also reported is the case of an elderly patient 
who recovered after ingestion of approximately 19 grams of procainamide hydrochloride. The © 
patient was treated with IV isoproterenol and IV epinephrine. The latter report suggested that 
insertion of a ventricular pacing electrode is a reasonable precautionary measure incase hi 
grade A-V block devel ops. 
Storage Conditions: Protect from moisture. Store bottles below 30°C (86°F). Store unit: tdo 
packages at controlled room temperature, 15 -30°C (59°-86°F). 

Caution — Federal law prohibits dispensing without prescription. 
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ieee IEXA i go TTEN 
“Each mililiter of HEXABRIX contains 393 img of -ioxagiate 


meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate. 
calcium disodium as a stabilizer. The solution contains 348- 
mo (0.15 mEq) sodium in each milliliter and provides 32% 


(320 mg/mL} organically bound iodine. 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography: Refer to 
PRECAUTIONS concerning hypersensitivity. Hysterosalpin- 
gography should not be performed during the menstrual 
period: in pregnant patients, in patients with known infection 
in any portion of the genital tract: oF in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed jt infec- 
tion is present in or near the joint. 


WARNINGS | 

ionic iodinated contrast media inhibit bloog coagulation. in 
vitro, more than nonionic contrast media. Nonetheless. it is 
prudent to avoid prolonged contact of blood with syringes con- 
taining ionic contrast media. = 
Serious, rarely fatai, thromboembolic events causing 

rdiai infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast 


~~" media. Therefore, meticulous intravascular. administration 
technique is necessary, particularly during angiographic pro- 
cedures, to minimize thromboembolic events. Numerous 
_ factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
-> “piques are recommended, including close attention to guide- 
“o> ite and catheter manipulation, use of manifold systems 


“Sandor three-way stopcocks, frequent ‘catheter flushing 


<, with heparinized ‘saline solutions and minimizing the length 
ofthe procedure: The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate 
`- the tikelinoad ot in vitro clotting. ee 
As with any contrast.medium, serious neurologic sequelae, 
‘including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
__ of vessels supplying the spinal cord. The injection ofacontrast 
medium should never be made following the administration 
of vasopressors, since they strongly potentiate neuro- 
in patients with subarachnoid hemorrhage, a fare associa- 
tion between contrast administration and clinical deterioration, 
including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution. 
A definite risk exists ja the use of intravascular contrast 
agents in patients who are known fo have multiple myeloma. in 
- guoh-instances anuria has developed. resuiting in progressive 
‘uremia, renat failure and eventually death. Although neither the 
“contrast agent nor dehydration has separately proved to be the 


ne Cause of anuria-in myeloma, it has been speculated that the 


combination of both may be a causative factor. The risk in 
myeiomatous patients is not a contraindication to the pro- 
cedure. however, partial dehydration in the preparation of 
these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in 
the renal tubules. No form of therapy, including dialysis, has 
been successtul in reversing the effect. Myeloma. which 
occurs mast commonty in persons over 40, should be con- 
sidered betore instituting intravascular administration of 
contrast agents. 

Administration of radiopaque materials fo patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. If, in the opinion of the 
physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for sickle 
ceil disease, fluid restriction is not advised. 

in patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent rena! transplant recipients present an 
additional risk. 

Renal failure has been reported in patients with fiver 
dysfunction who were given af oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease. notably diabetics and 
| ensives. in these classes of patients there should be no 
fluid restriction and every afiempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single most important factor influencing turther 
renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm occurring toitowing the intra- 
vascular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 


|. the results of thyroid function tests which depend on iodine 


estimation. €.9.. PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 

Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions. 
While most reactions are minor. iite-threatening and fatal reac- 
tions may occur without warning, and this risk must be 
weighed against the benefit of the procedure. A fuily equipped 
emergency cart, or equivalent. supplies and equipment. and 
personnel competent in recognizing and treating adverse reac- 
tions of ail types should always be available. if a serious reac- 
tion should. occur, immediately discontinue administration. 
Since severe delayed reactions have been known to occur, 
emergency facilities and competent personnel should be avati- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS. } 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency. patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients. 










Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
oretesting methods, none of which can be relied on to predict 


severe reactions. No conclusive relationship between severe 


ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patie 
a contrast medium without i effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 


agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use ot a contrast agent when a 
diagnostic procedure is thought essential, but does cali for 
caution. (See ADVERSE REACTIONS. } 

Prophylactic therapy including corticosteroids and anti- 
histarnines should be considered for patients who present with 
a strong allergic history, 4 previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the genera! 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions. but may reduce 
both their incidence and severity. A separate syringe shouid be 
used for these injections. 

General anesthesia may be indicated in the performance ot 
some procedures in selected patients, however. 4 higher 
incidence ot adverse reactions has been reposted in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: ìt is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making righ heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing fess than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with of without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure. pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur trequently with intra-arterial (brachial) in- 
jections, This change is usually transient and requires no 
treatment: however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fuorascapy is 
recommended. This is especially important in patients wifh 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension. cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism. and 
migraine. 

intra-Arterial Digital Subtraction Angiography: The risks 
associated with iA-DSA are those usually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immebitization of the timb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing. can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

intravenous Digital Subtraction Angiography: The risks 
associated with {V-DSA include those usually attendant with 
catheter procedures and inciude intramwurat injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when smal! test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
properly positioned and. in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing. can 
resuit in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Speciai care i$ required wher 
venography is performed in patients with suspected 
thrombosis, phlebitis, severe ischemic disease, jocal infection 
of a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial or venous disease. 

Excretory Urography: infants and smalt children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNING and PRECAUTIONS concerning preparatory 
dehydration.) 





Patient cooperation is essential since pal 


respiration, can markedly affect image quality. The use ofan . 


intravascular contrast medium can obscure tumors inpatients 


undergoing CT evaluation of the fiver, resulting in a false nega: 
tive diagnosis. Dynamic CT scanning is the procedure of 


choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required tò pre- 
vent the introduction of infection. Fizoroscopic contre! should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure riot be exerted during the injection. 

Hysterasaipingography: Caution shouid be exercised in 
patients suspected of having cervical af tubal carcinoma to 
avoid possible spread of the lesion by the procedure. 
Delayed onset of pain and fever {1-2 days} may be indicative gi 
pelvic infection. 

Carcinogenesis, Mutagenesis. impairment of Fertility: No 
long-term animai studies have been performed to evaluate 
carcinogenic potential. However. animat studies suggest that 
this drug is not mutagenic and does not affect fertity in maies 
or females. 

Pregnancy Category 8: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum aduit human dose and have revealed no evidence of 
impaired fertility or harm to the tetus due to HEXABRIX. There 
are. however, no adequate and well controlled studies in preg- 
nant women. Because animal reproduction studies are nol 
always predictive of human response. this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: loxaglate saits are excreted unchanged in 
human milk. Because ot the potential for adverse effects in 
nursing infants, bottie feedings should be substituted for 
breast feedings tor 24 hours following the administration of 
this drug. 

Pediatric Use: Safety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not deen submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fali into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result trom the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include ali other reactions. They 
occur more frequently in patients 20 to 40 years old. 
idiosyncratic reactions may oF may not be dependent on the 
dose injected. the speed of injection, the mode of injection and 
the radiographic procedure. idiosyncratic reactions are 
subdivided into minor, intermediate and severe, The minor 
reactions are self-limited and of short duration: the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not ail of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, ali of the side effects and toxicity 
associated with agents of this class are theoretically possible., 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe. jife-threatening anaphylactoid reactions. mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later: the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the Herature. 
Based upon clinical literature. reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 milion (9.00066 percent) to 7 in 
16,000 patients (0.07 percent). 

Regardiess of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, of myo- 
cardial ischemia or infarction may occur during Coronary 
arteriography and left ventriculography. 

The most frequent adverse reactions are Nausea. yomiting. 
facial flush and a feeling of body warmth. These are usually ot 
brief duration. in double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions. Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing. nasal 
stuffiness, coughing, choking. dyspnea, chest tightness and 
wheezing, which may be initial manifestations of mare severe 
and infrequent reactions including asthmatic attack, iaryngo- 
spasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type 
reactions can progress into anaphylaxis with loss of con- 
sciousness, toma, severe cardiovascular disturbances, 
and death. 
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intravasculat. coagulation resulting in death have been 

ad. Severe cardiovascular responses include fare cases: 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia. fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management: 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pai. 
hematomas. ecchymosis and tissue necrosis, vascular 
constriction due to injection rate. thrombosis and 
thrombophlebitis. l 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the syndrome of transverse 
miyslitis, visual field losses which are usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembling. shaking, chilis 
without fever, hyperthermia and lightheadedness. Ternporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without ieft 
ventriculography. patients may have clinically insignificant 
ECG changes. The follewing adverse effects have occurred in 
conjunction with the administratión of iodinated intravascular 
contrast agents for this procedure: hypotension, shack, 
anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular tachycardia, ventricular fibrillation} 
and cardiac arrest, Fatalities have Deen reported. Com- 
plications to the procedure include dissection of coronary 
arteries, dislodgement of atheromatous plaques, perforation, 
hemorrhage and thrombosis. 

Following peripheral arteriography. hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arterlographic adverse reat- 
tions appear to be repeated injections of the contrast material, 
administration of doses higher than those recommended, the 
presence of occlusive atherascierotic vascular disease and the 
method and technique of injection. Adverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and 
neck is frequently experianced. infrequently, a more Severe 
burning-discomtort is observed. Transient visual halucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not fisted 
under Adverse Reactions include stroke, amnesia and respira- 
tory difficulties. Visual fieid defects with anopsia and reversible 
neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion. disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase OF 
decrease in systemic blood pressure. The blood pressure 
change is transient asd usually requires no treatment. 
Arthrography may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may occur in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have been reported following 
hysterosalpingography. 


OVERDOSAGE 
Overdasages may occur. The adverse effects of overdosage 
are tife-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may inciude cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is directed 
toward the support of all vital functions and prompt institution 
of symptomatic therapy. 
foxagiate salts are dialyzable. 
The intravenous LOsg values of HEXABRIX {in grams of 
iodine/kilogram body weight) were 11 2 gikg in mice. > 8 
q’kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 
Details on dosage are are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 

Rev. Nov. 1988. 
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A remarkable safety profile"‘ 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*”’ 


The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product. 


Compatible with other antianginals* 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD'** 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents 

‘See Warnings and Precautions. 


Please see brief summary of prescribing information on the next page. 1419H8 






A. 2 PS ’ 


eee 


CARDIZEM 


diltiazem HCl/Marion 





* 


ve 


Usual maintenance dosage range: 180-360 mg/day 


BRIEF SUMMARY 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI) 
30 mg, 60 mg, 90 mg and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) 
patients who have demonstrated hypersensitivity to the drug, 
and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging sinus 
node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally slow 
heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1,243 
patients for 0.48%). Concomitant use of diltiazem with 
beta-blockers or digitalis may result in additive effects on 
cardiac conduction. A patient with Prinzmetal's angina 
developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a reduction 
in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM 
alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 
Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, LDH, 
SGOT. SGPT. and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have 
been reversible upon discontinuation of drug therapy. The 
relationship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS.) 

PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in 
bile. As with any drug given over prolonged periods, laboratory 
parameters should be monitored at regular intervals. The drug 
should be used with caution in patients with impaired renal or 
hepatic function. In subacute and chronic dog and rat studies 
designed to produce toxicity, high doses of diltiazem were 
associated with hepatic damage. In special subacute hepatic 
studies. oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were 
reversible when the drug was discontinued. In dogs, doses of 
20 mg/kg were also associated with hepatic changes, however, 
these changes were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been 
infrequently reported. Should a dermatologic reaction persist, 
the drug should be discontinued. 

Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers or 
digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

As with all drugs. care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
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Coadministration of CARDIZEM with other agents which follow 

the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabolized 
drugs, particularly those of low therapeutic ratio or in patients 

with renal and/or hepatic impairment, may require adjustment 

when starting or stopping concomitantly administered ARDIZEM 
to maintain optimum therapeutic blood levels. 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers 
or digitalis is usually well tolerated. Available data are not 
sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers 
resulted in increased propranolol levels in all subjects and 
bioavailability of propranolol was increased approximately 50%. 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS.) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine's known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels. it is recommended that digoxin levels be monitored when 
initiating. adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, 
conductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women: 
therefore. use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in Studies carried 
out to date. but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded. 
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In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%). 
Cardiovascular’ Angina, arrhythmia, AV block (first degree), 

AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 

hallucinations, insomnia, nervousness, 

paresthesia, personality change, 
somnolence, tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other: Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM. alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 


Gastrointestinal: 


Dermatologic: 
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See complete Professional Use Information before prescribing. 
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“Steinhaus, Timothy M. Bateman, Thomas M. 'Shimshak, and 
„Geoffrey: O. Hartzler 





i ‘Direct. coronary angioplasty without antecedent thrombolytic 
< therapy was performed in 500 consecutive patients with acute 
_ myocardial infarction. The in-hospital mortality rate was 7.2% 
-and the global ejection fraction increased from 53 to 59%. 
_ Direct coronary angioplasty was highly effective in reestablish- 
ing infarct-vessel patency and salvaging ischemic myocardium, 
resulting i in low in-hospital and long-term mortality. 


1231 aca a 
_ Correlation of Baseline Plasminogen Activator Inhibitor 
: Activity with Patency of the Infarct Artery After 
: Therapy in Acute Myocardial Infarction 

Gabriel |. Barbash, Hanoch Hod, Arie Roth, Hilton |. Miller, 
Shemuel Rath, Yedahel Har Zahav, Michaela Modan, 
_Ariela Zivelin, Shlomo Laniado, and Uri Seligsohn 


In 125 consecutive patients with acute myocardial infarction, 
we correlated plasminogen activator inhibitor levels to patency 
of infarct arteries after thrombolytic therapy with rt-PA. Cor- 
onary angiography revealed patent infarct arteries in 97 pa- 
tients and occluded infarct arteries in 28 patients; pretreatment 
levels: of plasminogen activator inhibitor were significantly 
_ higher in patients with occluded infarct arteries (18.0 + 11.5 
vs 10.5 + 9.3 ng/ml, p <0.01). Higher levels of plasminogen 
-activator inhibitor may interfere with the natural thrombolytic 


process and make pharmacologic thrombolytic intervention ; 


i effective. 


-Card lia d Event Rate After Non-@-Wave Acute 


M yor f z of Its 
Walter Kao, Fareed Khaja: canes Goldstein, and 
Mihai Gheorghiade — 


: of 135 patients with enzymatically proven aa acute 
dial infarction, followed prospectively for a median of 
5 were classified as nonanterior non-Q-wave 

‘TO patients as inferior or lateral AMI, or 
ljusting for baseline variables, group 1 
on rate and 32% mortality rate, signifi- 
002) than the 8% reinfarction ‘and 9% 
i ip 2. Patients recovering . from a non-Q-wave 

t very high risk for Bonen: a major cardiac event 
alter the index AMI. | | 
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Prognostic Utiity of Predischarge Dipyridamole- 

Thallium imaging Compared to Pre 3 7 
aiid 


Submaximal Exercise Electrocardiography 
Maximal Exercise Thallium Imaging After 
Uncomplicated Acute Myocardial Infarction ` 
Lawrence W. Gimple, Adolph M. Hutter, Jr., Timothy E 


Guiney, and Charles A. Boucher 





We compared the prognostic value of predischarge dipyridas 
mole-thallium scanning after uncomplicated myocardial meo 
farction to that of predischarge submaximal exercise electro; o onton i 
cardiography and 6-week maximal exercise thallium scanning. = 0 0o. 
Predischarge dipyridamole is a safe and acceptable alternative == 
to exercise electrocardiography for postinfarction risk stratifi- Set ona nia 
cation in patients who are unable to exercise. a bis 


1249 cee ee ANE 
Usefulness of Sustained-Release Diltiazem for Stable 
Angina Pectoris 

W. Peter Klinke, Martin Juneau, Michael Grace, 

William J. Kostuk, Peter Pflugfelder, Claude R. Maranda, 
Wayne Warnica, Christine Chin, Lawrence Annable, 

Ellen E. Dempsey, and David Waters 


In 65 stable angina patients with exercise-induced. ST depres: : 
sion, we assessed sustained-release diltiazem (120 and 180 mg 
twice daily); both dose levels of the drug reduced spontaneous ce 
angina and increased exercise duration and time to l-mm ST 
depression (all p <0.01), only 1 patient withdrew because of 
adverse drug effects and severe adverse effects occurred during ` | 
1 placebo and 1 low-dose period. Sustained-release diltiazem is — 
a safe and efficacious monotherapy for patients with stable ‘ 
angina. es | 


initial | Angin solve Results in Ablation ot a 
Ath Plaque by Per 






Karl R. Karsch, Karl K. Haase, Manfred Mauser, and 
Wolfram Voelker 


- Using a 1.3-mm diameter laser catheter with 20 concentric: 7 


quartz fibers, we performed percutaneous transluminal coro- 
nary excimer laser angioplasty in 15 patients. Our results sug- > 
gest that percutaneous coronary excimer laser angioplasty IB a 
feasible, safe and effective for ablation of coronary lesions in ~- 
selected patients, and can be performed. without i eae 
conventional balloon angioplasty. aka | 






Fayaz A. Shawl, Michael J. Domanski, Sudhakar s+ Bunga and. a 
Tomas J. Hernandez a 













To enhance the safety « of ‘ighérisk élective coronary angio- 


_. plasty, we instituted percutaneous cardiopulmonary bypass 
~~ support in 51 patients. Angioplasty was successful in 115 of 
117 lesions attempted, with the culprit vessel dilated in all; the 
<- most common. complication was a need for blood transfusion. 
Our results suggest that supported angioplasty can be under- 
taken in patients with low ejection fraction, those with only 1 
on remaining vessel or graft patent and those declared inoperable. 





A 5 pronary iopla: y of Chronic Total Occlusions 
oe Paul J. taVeau, Michael S. Remetz, Henry S. Cabin, John F. 









a Hennecken, Susan H. McConnell, Robin E. Rosen, and 
< Michael W. Cleman 


w To determine the success rate for percutaneous transluminal 

= coronary angioplasty of chronic total occlusions and assess 
<2 linical and angiographic variables associated with success, we 
analyzed 57 total occlusions in 56 patients undergoing PTCA. 


PTCA of total occlusions can be performed with a good acute 


success rate and a very low risk of major complications. Clini- 


cal and angiographic characteristics provide little information 
in n predicting PTCA success for chronic total occlusions. 


: 1270 
Early Hospital Discharge After Percutaneous 

Tras Coronary sty 

David R. Cragg, Harold Z. Friedman, Steven L. Almany, 
Vellappillil Gangadharan, Renato G. Ramos, Arlene B. Levine, 
Timothy A. LeBeau, and William W. O'Neill 


To determine the safety and efficacy of early hospital dis- 
charge after percutaneous transluminal coronary angioplasty, 
we prospectively studied 100 patients. Eighty patients were 
discharged within 23 hours; there were no deaths and no pa- 
tients required emergency bypass surgery. Our initial experi- 
ence with early discharge suggests that under proper condi- 
tions it is safe and effective; early discharge after PTCA offers 
more efficient use of hospital facilities and the opportunity to 
reduce procedural costs. 





| 1275 _ 
Predictive Value of Quantitative Dipy ridamole-Thallium 





= Scintigraphy in Assessing Cardiovascular Risk After 
- Vascular Surgery in Diabetes Mellitus 
Steven E. Lane, Stanley M. Lewis, John J. Pippin, Edward J. 


Kosinski, David Campbell, Richard W. Nesto, and Thomas Hill 


What is the predictive value of quantitative dipyridamole-thal- 
lium scintigraphy i in assessing cardiovascular risk after vascu- 


z -lar surgery in patients with diabetes mellitus? We evaluated 
- 101 such patients before vascular surgery and conclude that 


a the prevalence of dipyridamole-thallium abnormalities in a di- 
~ abetic population i is much higher than that reported in nondia- 
‘betic patients and cannot be predicted by the usual clinical 


a indicators of heart disease. In addition, cardiovascular risk of 


_ vascular surgery can be optimally assessed by quantitative 
< analysis of dipyridamole-thallium scintigraphy. 







of Type 


sdford a. ‘Williams, i 








Four handed three patients with sjelographiealy document: 
ed stable coronary artery disease and a positive Bruce protocol 
treadmill test underwent a structured interview to assess type 
A behavior. Type A patients are more likely to have silent 
ischemia during exercise (35 vs 25%, p = 0.05), but long-term 
survival is not affected (4-year survival 86 vs 79% for type A vs 
type B patients, p = 0.44, and 6-year survival 86 vs 80% for 
type A patients with silent ischemia vs type A patients with 
symptomatic ischemia, p = 0.59). 


1284 | 7 
Prognosis in Patients with a Strongly Positive Exercise é 





Peter Bogaty, Gilles R. Dagenais, Bernard Cantin, 
Pierre Alain, and Jacques R. Rouleau 


There were 52 deaths, 21 myocardial infarctions and 41 epi- 
sodes of unstable angina in 241 patients with strongly positive 
exercise electrocardiograms during stress testing and defined 
coronary anatomy followed for 8 years to determine whether 
the workload achieved by these coronary patients can also pre- 
dict morbid coronary events (such as myocardial infarction 
and unstable angina). As expected, the workload achieved pre- 
dicted fatal events but was unable to predict morbid events 
that correlated with no clinical, hemodynamic or angiographic 
parameter. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


TAS See eR ee ene ee ene! ee 
Natural History of Potentially Lethal piesa 
Arrhythmias in Patients Treated with Long-T 
Antiarrhythmic Drug Therapy 

Harold L. Kennedy, Michael K. Sprague, Sharon M. Homan, 


- Sondra M. Seiler, Robert D. Wiens, Denise L. Janosik, 


Robert M. Redd, and Thomas A. Buckingham with the 
technical assistance of Debra Lyyski and Julie Stoltz 


To examine the natural history of long-term antiarrhythmic 
drug therapy for potentially lethal ventricular premature com- 
plexes, we prospectively followed 28 patients who initially dem- 
onstrated moricizine efficacy for 1 to 56 months (mean 25 + 
17). Time-related changes of spontaneous variability, and late 
clinical and arrhythmic events are problematic during long- 
term antiarrhythmic drug therapy. 





1298 
Argon Laser Ablation of Malignant Ventricular 
Tachycardia Associated with C Disease 


Sanjeev Saksena, Isaac Gielchinsky, and Nicholas G. Tullo. 


Intraoperative mapping-guided argon laser ablation alone or in 
conjunction with standard surgical methods was performed in 
20 consecutive patients with refractory, sustained ventricular 
tachycardia or ventricular fibrillation. All surviving patients 
had suppression of spontaneous and inducible sustained VT at 
hospital discharge. At 1-year follow-up, the total survival rate 
was 90%, and only 1 patient required postoperative antiar- 
rhythmic therapy. 






Efficacy of intravenous *ropranolol for Suppression of | 





Coronary pect Disease 

Heikki V. Huikuri, Marilyn Cox, ‘Alberto intern, co Kenneth 
M. Kessler, Frances Glicksman, Agustin s Castellanos, and | 
Robert J. YSIS: g | eed 










udied the efficacy of intravenous propranolol for suppres- 
f inducibility of sustained ventricular tachyarrhythmias 

ł patients who had unsuccessfully received >1 membrane- 
ctive antiarrhythmic drug. Intravenous propranolol appears 
be efficacious in suppressing fast, electrically unstable VTs 
ipared to monomorphic VTs with slower rates. 








on of Adenosine 


rratt, Nicholas Linker, Michael Griffith, 

d, and A. John Camm 

nosine and verapamil have been proposed as agents of 
ice for the termination of paroxysmal junctional tachy- 
~ cardia. The results of our comparison in 20 patients undergo- 
-ing invasive cardiac electrophysiologic study suggest that aden- 
«cosine has particular advantages over verapamil as acute treat- 
= ment for patients presenting with an atrioventricular reentrant 
- tachycardia. | 







+- 








_ We performed a randomized study of the efficacy and safety 
of flecainide in the maintenance of sinus rhythm after electri- 
cal cardioversion for chronic atrial fibrillation or atrial flutter 
in 81 patients. Flecainide may be useful in postponing arrhyth- 
mia recurrence, but caution should be exercised in patients 

_ with underlying conduction disturbances, sick sinus syndrome 

or. characteristics favoring development of ventricular 
-proarrhythmia. 


Usefulness of Serial Pulmonary Function Testing as an 
Jill A. Ohar, Farris Jackson, Jr., Robert M. Redd, 
Gregory R. Evans, and Carlos W. Bedrossian 


Amiodarone, 400 to 800 mg/day, was given to 189 patients 
who were followed an average of 2.5 years (340 patient-years). 
The incidence of amiodarone-induced toxicity was determined, 
-and the association of abnormal pulmonary function tests to 
toxicity was assessed; we found no relation between pulmonary 
-function tests and the development of toxicity. 






Results of an Anatomically Guide jur 
„Osamu Fujimura, Gerard M. Guiraudon, Raymond Yee, 
-Arjun D. Sharma, and George J. Klein 


Twenty-one patients underwent surgery, which consisted of 
-dissection guided by anatomic landmarks, for atrioventricular 
“node reentrant tachycardia. During follow-up, 19 patients have 
been arrhythmia-free without drug therapy; 2 patients re- 
` quired reoperation for recurrent tachycardia, which was suc- 
cessful. These data show that operative therapy of AV node 
‘reentrant tachycardia can be successfully guided by anatomic 
‘landmarks 
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1333 hs 
Univariate Genetic Analysis of Blood Pressure in 
Children (The Medical College of Virginia Twin $i 
Richard M. Schieken, Lindon J. Eaves, John K. Hew 
Michael Mosteller, Joann N. Bodurtha, William B. Most 

and Walter E. Nance ` L 











We studied 251 eleven-year-old twin pairs to measure the re 
tive contributions of genetic, individual environmental and 
shared environmental effects on the variance of blood pressure 
and heart rate. In boys and girls, sex-specific genetic effects 
control systolic blood pressure. For diastolic blood pressure the 
magnitudes of genetic effects are different in boys and girls: 
heart rate regulation was similar in both sexes. e 


CONGESTIVE HEART FAILURE 


1338 

Ability of Left Ventricular Stress-Shortening Relation: 
End-Systolic Stress/Volume Ratio and Indirect In exes. 
to Detect Severe Contractile Failure in Ischemic or 
Mary J. Roman, Richard B. Devereux, and Robert J. Cody ie 





whom died at a median interval of 16 months after study), we © E 
evaluated the ability of several proposed noninvasive indexes of = a 
left ventricular systolic performance and contractility to.identi- fo 
fy depressed function. Relatively simple direct echocardio- ©- 
graphic indexes appear useful in identifying severe, prognosti e 
cally important LV dysfunction, whereas methods that correct 0 
for preload and heart rate in normal subjects result in artiface: ooo 
tual normalization of function in the majority of patients with 


In 42 patients with refractory dilated cardiomyopathy ( 88% of : 7 ; 


dilated cardiomyopathy. 





Death in Chronic Congestive Heart Failure Secondary 
to Coronary Artery Disease oer 
Howard A. Rockman, Carl Juneau, Kanu Chatterjee, and 
Jean-Lucien Rouleau 










Clinical, hemodynamic and neurohumoral variables in 238 pa- eee 
tients with chronic congestive heart failure secondary to coro o 
nary artery disease were analyzed to determine potential prè. os: 
dictors of mortality in a large population and to allow analysis: 
according to mode of death (sudden or low output death). 
Plasma renin activity, but not plasma norepinephrine, is a pow- 
erful independent prognostic determinant of mortality in this 
group of patients with CHF. Treatment with inotropic agents 
emerged as an independent predictor of mortality. a 


1349 NE PEER A ANAA AEA AI N LAANE EANA Y 
Quantitation and Significance of Systolic Mitral Leaflet 
Displacement in Mitral Valve } | age 
Anthony J. Sanfilippo, Hoshiar Abdollah, and 
Gary W. Burggraf | 


















































The high ae of the e cchocuatiogrip finding of mitral 
"valve prolapse determined by superior systolic displacement of 
~ the mitral leaflets undermines the clinical significance of this 
= finding. We determined markers of displacement severity in a 
os group of patients. with MVP, and then compared their inci- 

<- dence of ventricular arrhythmia and mitral regurgitation with 
‘those of control subjects. Patients with MVP had a significant- 
ly higher occurrence of both arrhythmias and regurgitation, 
particularly those patients with greater degrees of displace- 
ment t and leaflet thickening. : 









armediate “Term Follow-Up Results of Balloon Aortic 
Referenc ‘to Causes of Restenosis 
ae P. Syamasundar Rao, Mohinder K. Thapar, Allen D. Wilson, 
- Jay M. Levy, and Paramjeet S. Chopra 





hs What are the intermediate-term results of balloon aortic valvu- 
=o Joplasty? Sixteen consecutive infants and children underwent 
‘balloon aortic valvuloplasty with resultant reduction of aortic 
~~ valve gradient from 72 + 21 (mean + standard deviation) to 
98+ 13 mm Hg; the intermediate-term results of balloon aor- 
za AEG: valvuloplasty are good and the reduction of immediate post- 

| loon gradients to <30 mm ee may prevent recurrence. 


| miSCELLANEOUS 


: 1361. ie SO asta eae 
Effect of Exercise and Cavity Size on Right Ventricular 
Function in Morbid Obesity 
Martin A. Alpert, Amolak Singh, Boyd E. Terry, Diana L. Kelly, 

M.S, Sharaf El-Deane, Vaskar Mukerji, Daniel Villarreal, and 
Andre K. Artis 


| Whati is the effect of exercise, and the influence of right ven- 


obesity? We performed M- mode and 2-dimensional echocardi- 
ography and exercise radionuclide ventriculography on 22 pa- 

tients whose body weight was at least twice ideal body weight. 
The results suggest that RV dilatation may predispose to RV 
ystolic dysfunction and that assessment of RV systolic dys- 


Richard T. Lees christopher P: lord Ted Plappert, and 
Martin’ St. John Sutton | . 


Doppler ‘echocardiographic studies were performed immedi- 

ly before bedside pulmonary artery catheterization in 29 
ical intensive care unit patients. In 59% of these patients, 
ppler ec hocardiographic : evaluation of pulmonary regurgita- 
ion allowed accurate noninvasive estimation of pulmonary ar- 
erya diastolic mo EE | 








EDITORIAL 


“tricular internal dimension, on RV systolic function in morbid - 


unction should optimally include evaluation of RV exercise 
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1371. 
Generic Substitution of a TER 
Paul E. aera Hae Jr. 
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1374 — 
Frequency of Symptoms Suggestive of Dynamic — 
Coronary Artery Disease in Patients Referred for 





Coronary Angiography 

Richard W. Nesto, Stuart W. Zarich, Glen J. Kowalchuk, 
Aaron E. Kenigsberg, Scott W. Shurmur, and 
Lawrence S. McAuliffe 


1376 
Influence of Cardiac Pacing Mode on the Long-Term 
De of Atrial Fibrillation. 


Joshua M. Feuer, Adrian H. Shandling, and 
John C. Messenger, with the technical assistance 
of Craig D. Castellanet and Lavergne A. Thomas. 


1379 


Effects of Low Altitude Exposure on 24-Hour Blood 3 
Pressure and Adrenergic Activity 

Paolo Palatini, Roberto Businaro, Giuseppe Berton, Paolo 
Mormino, GianPaolo Rossi, Antonietta Racioppa, 

Achille Cesare Pessina, and Cesare Dal Palù 


Attenuation of the Pressor Response to. Intravenous 
Furosemide by Angiotensin Converting Enzyme. 
Inhibition in Congestive Heart Failure 

Steven R. Goldsmith, Gary Francis, and Jay N. Coħn 


na i 

Comparison of Results of Percutaneous Balloon Mitral 

nbn Using Consecutive Single (25 mm) and 
Double (25 mm and 12 mm) Balloon T 

Saad Al Kasab, Paulo A. Ribeiro, and William Sawyer 


13087 -eaan ee en TRS eRe nO eS Se eck 
Color Flow Doppler Evaluation of St. Jude Medical 
Prosthetic Valves : 

Mohsin Alam, Howard S. Rosman, Darleen McBroom, Lois. 
Graham, Donald J. Magilligan, Jr., Fareed Khaja, and 

Paul D. Stein 


1389 | 

Color Flow Doppler Evaluation of Cardiac 
Vaives a 
Mohsin Alam, Howard $. Rosman, chien Hautamaki, Lois 
Graham, Donald J. Magilligan, Jr., Fareed Khaja, and 
Paul D. Stein Oo 











Analysis of Calcium, Zinc, M : , tron and — 
Copper Content n Myer ad Stone Meal 


Valves 


liker Durak, Ahmet Şahin, Zuhal Yurtarslani, and. 
Ahmet Sonel : 





Marlene K. Wilken, David G. Meyers, Peter A. Laski, | 
Frank P. Yi, and Helen Starke a er 





‘Hinieiman, Mary Domain. Phil Goodman, 
3. Schiller, Niel F. Starksen, Martha Wanook: and 
; Cheitlin 


"Mitral Valve Replacement for Mitral Li ome 


Allen L. Dollar, William C. Roberts, Kenneth M. Kent, 4 
Michael W. Burkhart, and Robert B. Wallace oe 


FROM THE EDITOR 


Living with a Congenitally Biocuspld Aortic V Val : 
William C. Roberts a 


INSTRUCTIONS TO AUTHORS on page 1410 


VOLUME INDEXES on page 1411 
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CORGARD® TABLETS 
Nadolol Tablets USP 


DESCRIPTION: <CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 





































































CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 
uction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vitai component supporting 
“circutatory function in congestive heart failure, and its inhibition by beta-biockade may precipitate 
ore severe failure. Athough beta-blockers should be avoided in overt congestive heart failure, if 
: necessary, they can be used with caution in patients with a history of failure who are weli- 
compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish 
“the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure, therefore, at 
rst-sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
ponse, « or rpmecentinue nadolol {gradually if possible), 


Bs T Exacerbation of lachemic Heart Disease Abrupt Withdrawal—Hypersen- 
sitivity: to catecholamines has been observed in patients withdrawn from beta-blocker ther- 
apy, exacerbation of angina and, in some cases, myocardial infarction have occurred alter 
ibrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
ly in-patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
eriod and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 
and take other measures appropriate for management of unstable angina if angina markedly 
worsens oF.acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
inue therapy without physician's advice. Because coronary artery disease is common and 
may be unrecagnized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients ean onty for hypertension. 


ne ‘ Nonauergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
: BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
so Mister nadolol with caution since it may block broenchodilation produced by endogenous or 
- exogenous Catecholamine stimulation of beta, receptors. 


oo Major Surgery-—Because beta blockade impairs the ability of the heart to respond to reflex 
=. Stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
=i: Aypotension or low cardiac output, it has generally been suggested that such therapy should be 
2 withdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 
ot patients. recently withdrawn from beta-blocker therapy, however, has made this recommenda- 
“ction controversial. it possible, withdraw beta-blockers well before surgery takes piace. In emer- 
“gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
 beta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 
“the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
with beta-adrenergic receptor blocking agents. 


- Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms {e.g tachycardia and blood pressure changes) of acute hypagly- 
gemia. This is especially important with labile diabetics. Beta-blockade also reduces release of 
sulin) in: response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 


toxi icosis-—Beta-adrenergic biockade may mask certain Clinica! signs (e.g., tachycardia) 
hyperthyroid ism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
a thyroid. storm, carefully manage patients suspected of developing thyrotoxicosis, 


PRECAUTIONS: impaired Renai Function—Use nadolol with caution (see DOSAGE AND AD- 
MINISTRATION section of package insert). 


Information for Patients— Warn patients, especially those with evidence of coronary artery 
ufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
cardiac. failure rarely occurs in properly selected patients, advise patients being treated with beta- 
adrenergic biocking agents to consult physician at first sign of impending failure. Advise patients 
vent at missed doses. 


Drug | nteractions—Concurrent administration may result in interactions with: Anesthetics, 
neral exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
Surgery). Antidiabetic drugs (oral agents and insulin}—hypoglycemia or hyperglycemia; adjust 
tidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
cholamine-depieting drugs (e.g, reserpine)—adiditive effect; monitor closely for hypotension and/or 
px soe. piadycardia: 

arcinogenesis, Mutagenesis, impairment of Fertility—in 1 to 2 year oral toxicologic stud- 
eS Mice, tats. and dogs, nadolol did.not produce significant toxic effects. in 2-year oral carcino- 
nic studies in rats and mice, nadolol did not produce neoplastic, preneopiastic, or nonneopiastic 
logic lesions. 








: Cin animal reproduction studies with nadolol, evidence of ernbryo- and 
fetoloxicity was: found j in rabbits (but not in rats or hamsters) at doses 5 tc 10 times greater (on a 
mg/kg basis} than maximum indicated human dose; no teratogenic potential was seen in any of 
ase Species. There are no well-controlled studies in pregnant women; therefore, use nadolol in 
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ed 4 3, Medical Economics Company, Inc., Oradell, NJ, 1989, pp.-969, 
o treatment of engine Pastors.) Am d Cardiol 62; 1171-1175;1986. 








120 mg 160 mg 


pregnantwomen only if potential benefit justifies potential risk to the fetus. Neonates ofmothers 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated sympk 


Nursing Mothers—Nadolo! is excreted in human miik. Exercise caution when nadol 
administered to a nursing woman. 
Pediatric Use—Satety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mid and transient and have r 
required nadolol withdrawal. 


Cardiovascular —Bradycardia with heart rates of less than 60 beats per minute occurs ¢ 
monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were ser 
about 2 of 100 patients. Symptoms of peripheral vascular insutficiency, usually of the Rayr 
type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhy 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances o 
degree and third degree heart block have been reported; intensification of AV block is a kn 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS}. ¢ 
trai Nervous System~Dizziness or fatigue reported in approximately 2 of 100 patients; pares 
sias, sedation, and change in behavior reported in approximately 6 of 1000. patit 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAI 
CATIONS and WARNINGS). Gastrointestinal~Nausea, diarrhea, abdominal discomfort, cc 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 ot * 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash, pru 
headache: dry mouth, eyes, or skin; impotence or decreased libido; facial swelling; weight, 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent rever! 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or ¢ 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been establis 
Central Nervous System—reversibie mental depression progressing to catatonia; visual 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
and place; short-term memory toss, emotional lability with slightly clouded sensorium decre 
performance on neuropsychometrics. mesenteric arterial thrombosis; isch 
colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocylopenic or.nonth 
bocytopenic purpura. Allergic—fever combined. with aching and sore throat; jaryngosp: 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients 
pheochromocytoma; sleep disturbances: Peyronie's disease. The oculomucocutaneous syndi 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadoiol can be removed from the general circulation by hemodialysis. in ¿ 
tion to gastric lavage, employ the following measures as appropriate. in determining durati 
corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia~Administer atropine (0.25 to 1.0 mg). If there is no response tos 
biockade, administer isoproterenol cautiously. 

Cardiac Failure-—Administer a digitalis glycoside and diuretic. # has been reported that gluci 
may also be useful in this situation. 

Hypotension—Administer vasopressors, e.g.. epinephrine or fevarterenoi, (There is evidi 
that epinephrine may be the drug of choice.) 


Bronchospasm—Administer a beta,-stimulating agent and/or a mecie derivative. 


DOSAGE -For ali patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to Bl 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing ¢ 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily ri 
needed). If treatment is to be discontinued, reduce dosage gradually over a period of 1 to 2 w 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg ad: gradually increase in 40 to 80 mg incren 
unti optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 r 
{doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval: see package insert for do 
in these patients. . 

For full prescribing information consult package insert. 


HOW SUPPLIED: in scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tab 
bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets 
20 mg, 40 mg, and 80 rng tablets are also avaliable in Unirnatic® unit-dose packs: of 100 tab 
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Direct coronary angioplasty without antecedent thrombolytic therapy was 
performed in 500 consecutive patients with acute myocardial infarction. 


_ Anterior and inferior infarctions were noted in 217 and 283 patients, 


_ Tespectively. Two hundred fifteen patients (43%) had 1-vessel disease, 85 
_ patients (17%) were 70 years of age and 39 (8%) presented in cardiogenic 





_ shock. Successful angioplasty of the infarct vessel was achieved in 94% of 
patients, The overall in-hospital mortality was 7.2%. Cardiogenic shock, 
3-vessel disease and failed angioplasty were the 3 strongest multivariate — 
correlates of early mortality. Reocclusion of the inf arct-vessel was noted in 
47 (15%) of the 307 patients with angiographic follow-up before hospital 
discharge. Significant bleeding complications occurred in only 3% of pa- 
tients; stroke or myocardial rupture was not seen. The global ejection. 
fraction increased from 53% on the preangioplasty ventriculograms to 
59% at 1 week (p <0.001 ). Significant regional wall motion improvement 
in the infarct segments was noted in 53% of patients. Global ejection 


- fraction improved most dramatically in patients presenting with baseline 
- -ejection fractions <45% (increasing from 36 to 50%). The 1- and 5-year 

survival rates after hospital discharge were 95 and 84%, respectively. The 

~ l-year reinfarction rate was 3%. Thus, direct coronary angioplasty was 













highly effective in reestablishing inf arct-vessel patency and salvaging isch- 
emic myocardium, resulting in low in-hospital and long-term mortality. 
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*For adult hypertensives only. 


+ Eighty-two percent of 3,604 patients with mild 
to moderate hypertension (30-70 years) 

- achieved goal blood pressure (DBP <90 mm 
Hg} in an open, multicenter, six-week study. 


żin a double-blind, forced dose titration 
comparative study of 394 black patients with 
mild to moderate hypertension (18-70 years), 
83% of those randomized to Calan SR {n =34) at 
a dosage of 360 mg/day achieved goal blood 
pressure (DBP <90 mm Hg or > 10 mm Hg 
reduction). 








UOnce-a-day 
antihypertensive 
monotherapy 


E Calan SR provides effective monotherapy in more 
than 80% of all adult patients.’ 

















E ?1% of patients take Calan SR once a day'—a more 
convenient dosage schedule that may result in better 
compliance than twice-daily therapy.’ 


E Calan SR is equally effective in black and white adult 
patients, regardless of age. 


E Physicians have demonstrated their confidence in 
Calan SR—more than 15 million prescriptions have 


been filled. 


One agent...for quality living 


E In a well-controlled clinical trial of 94 
hypertensive patients controlled with 
Calan SR, quality of life was 
improved or maintained. | 


i h Constipation, which can be 
w de ON easily managed in most 

et % patients, is the most commonly 
reported side effect with 


Calan SR. 


Please see the following page of this advertisement 
for references and a brief summary of the complete 
prescribing information. 
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verapamil HCI SÑ 


BRIEF SUMMARY 


Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
2nd- or 3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
may occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cases have been demonstrated to be produced by verapamil. Periodic monitoring 
of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes) have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
fibrillation after receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
function (in severe dysfunction use about 30% of the normal dose) or impaired renal 
function, and patients should be monitored for abnormal prolongation of the PR interval or 
other signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
with Duchenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients 
with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy may 
outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment can increase serum digoxin levels by 50% to 75% during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
dine therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
-significant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
dyspnea (1.4%), bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
is uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
fusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
necomastia, increased urination, spotty menstruation, impotence. 2/9/89 - A88-W5282V-1 
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Address medical inquiries to: 

G.D. Searle & Co. 

Medical & Scientific 
Information Department 

4901 Searle Parkway 

Skokie, IL 60077 
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CARDIOLOGIST 
PACIFIC NORTHWEST 


Position available for invasive cardiologist with large multi- 


specialty group in Portland, Oregon. Practice provides wide 
variety of cases, stimulating professional environment, and 
quality lifestyle in beautiful Pacific Northwest. Competitive 
salary and comprehensive benefits, including generous pen- 
sion program, sabbatical leave and professional liability cov- 
erage. Forward inquiry and CV to: Fred M. Nomura, M.D., Re- 
gional Medical Director, Northwest Permanente, P.C., 3600 N. 
interstate Avenue, Portland, Oregon 97227. 





THE CONTINENTAL—Professional Co-op office space FOR 
SALE. 70-20 108 St. Premier, prestigious building in the Heart 
of FOREST HILLS, Qns, NY. Superb location. Subwy & busses 
at your door. 24 hour attended garage, cent A/C, separate pro- 
fessional wing. 1600 S.F. will sub-divide. Call: Mr. Marvin 
Weingart, 718-793-1081. 


ABRAHAM A. MITCHELL 
CHAIR IN INTERVENTIONAL CARDIOLOGY 
UNIVERSITY OF SOUTH ALABAMA 
COLLEGE OF MEDICINE 


The University of South Alabama College of 
Medicine invites nominations and applications 
for the Abraham A. Mitchell Chair of Interven- 
tional Cardiology. The position will include clin- 
ical and teaching activity, but the primary em- 
phasis will be in the direction and coordination 
of research activity in interventional cardiology. 
Candidates should have at least three years of 
experience as a board certified invasive cardi- 
ologist and an established record of research 
productivity. Salary, fringe benefits and other 
support commensurate with the position are 
available. 


Please direct nominations or applications to: 
Richard D. deShazo, M.D., Professor and 
Chairman, Department of Medicine, Chair, 
Endowed Search Committee, University of 
South Alabama Medical Center, Mastin Build- 
ing, Room 409, 2451 Fillingim Street, Mobile, 
AL 36617. 
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Correlation of Baseline Plasminogen Activator Inhibitor 
Activity with Patency of the Infarct Artery After Thrombolytic 
Therapy in Acute Myocardial Infarction 

Gabriel |. Barbash, Hanoch Hod, Arie Roth, Hilton I. Miller, Shemuel Rath, 
Yedahel Har Zahav, Michaela Modan, Ariela Zivelin, Shlomo Laniado, and 
Uri Seligsohn 


Increased levels of plasminogen activator inhibitor (PAI) have recently 
been described in patients with acute myocardial infarction (AMI). PAI 
levels were correlated to patency of infarct arteries after thrombolytic 
therapy with recombinant tissue-type plasminogen activator (rt-PA), in 
125 consecutive patients with AMI. Blood levels of fibrinogen, plasmino- 
gen, tissue plasminogen activator (t-PA) and PAI were measured before 
treatment initiation, 10 minutes after completion of rt-PA infusion and 24 
and 48 hours after treatment. Coronary angiography, which was per- 
formed in all patients 72 hours after beginning rt-PA infusion, revealed 
patent infarct arteries in 97 patients and occluded infarct arteries in 28 
patients. Pretreatment levels of PAI were significantly higher in patients 
with occluded infarct arteries (18.0 + 11.5 vs 10.5 + 9.3, p <0.01). Thus, 
higher levels of PAI may interfere with the natural thrombolytic process 
and make pharmacologic thrombolytic intervention less effective. 


1236 

Cardiac Event Rate After Non-Q-Wave Acute Myocardial 
Infarction and the Significance of Its Anterior Location 
Walter Kao, Fareed Khaja, Sidney Goldstein, and Mihai Gheorghiade 


One hundred thirty-five patients with enzymatically proven non-Q-wave 
acute myocardial infarction (AMI) were followed prospectively for a 
median of 9.4 months. Of these, 65 were classified as nonanterior (group 
1) non-Q-wave AMI (new ST- and T-wave changes in leads V, through 
V4) (group 1), and 70 patients as inferior and/or lateral (group 2) and 
defined as new ST-T wave changes in 2 consecutive leads (II, III, aVF, I 
and aVL in V5 and V6). After adjusting for baseline variables, group | had 
a 29% reinfarction rate and 32% mortality that was significantly higher (p 
<0.002) when compared to group 2: 8% reinfarction and 9% mortality. 
Patients recovering from a non-Q-wave AMI are at very high risk for 
developing a major cardiac event soon after the index AMI. 


1243 

Prognostic Utility of Predischarge Dipyridamole-Thallium 

imaging Compared to Predischarge Submaximal Exercise 

Electrocardiography and Maximal Exercise Thallium imaging 
_ After Uncomplicated Acute Myocardial Infarction 

Lawrence W. Gimple, Adolph M. Hutter, Jr., Timothy E. Guiney, and 

Charles A. Boucher 


In this prospective study, the prognostic value of predischarge dipyrida- 
mole-thallium scanning after uncomplicated myocardial infarction was 
compared to that of predischarge submaximal exercise electrocardiogra- 
phy and 6-week maximal exercise thallium scanning. In 40 patients, 6 of 
the 8 cardiac events occurred before 6-week follow-up. Because redistribu- 
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tion on dipyridamole-thallium scanning occurred in 71% of patients, an 
abnormal scan required redistribution in a coronary territory outside of 
the infarct zone. Both predischarge dipyridamole-thallium and submaxi- 
mal exercise electrocardiography correctly identified 5 of the 8 events (p= 
0.04 and 0.07, respectively). The 6-week maximal thallium exercise test 
identified 1 of the 2 subsequent events correctly, but occurred after the 6 
earlier events. Thallium redistribution after dipyridamole in coronary 
territories outside of the infarct zone predicts recurrent cardiac events 
after uncomplicated myocardial infarction. Predischarge dipyridamole- 
thallium is a safe and acceptable alternative to exercise electrocardiogra- 
phy for postinfarction risk stratification in patients who are unable to 
exercise. 


249i as ee 
Usefulness of Sustained-Release Diltiazem for Stable Angina 
Pectoris 

W. Peter Klinke, Martin Juneau, Michael Grace, William J. Kostuk, 

Peter Pflugfelder, Claude R. Maranda, Wayne Warnica, 

Christine Chin, Lawrence Annable, Ellen E. Dempsey, and David Waters 


Sustained-release diltiazem (120 and 180 mg twice daily) was assessed in 
a multicenter, double-blind, randomized, placebo-controlled trial in 65 
stable angina patients with exercise-induced ST depression. Exercise test- 
ing was performed 12 + 1 hours after the last dose at the end of each of the 
3 treatment weeks. Both dose levels of drug reduced spontaneous angina 
and increased exercise duration and time to 1-mm ST depression (all p 
<0.001). No differences were noted between the 2 dose levels. Rate- 
pressure product at maximal exercise was similar for the 3 groups. Only 1 
patient terminated the study because of adverse drug effects; severe ad- 
verse effects occurred in 1 placebo and 1 low-dose period. Therefore, 
sustained-release diltiazem is safe and efficacious monotherapy for stable 
angina. 


BS PREE ar DL MU ice SPONDS Beet S VEAL A Se NUN Ames Soe Se ee Rate 
Initial Angiographic Results in Ablation of Atherosclerotic 
Plaque by Percutaneous Coronary Excimer Laser Angioplasty 
Without Subsequent Balloon Dilatation 

Karl R. Karsch, Karl K. Haase, Manfred Mauser, and Wolfram Voelker 


Percutaneous transluminal coronary excimer laser angioplasty was per- 
formed in 15 patients using a 1.3-mm diameter laser catheter with 20 
concentric quartz fibers. The catheter was coupled to an excimer laser 
(wavelength 308 nm, pulsewidth 60 ns). Percent diameter stenosis de- 
creased from 77 + 15 to 40 + 22% after the first irradiation cycle and to 
21 + 17% after termination of laser ablation. In 2 patients occlusion of the 
vessel was documented at the 24-hour control angiography. No proce- 
dure-related complications such as vessel perforation occurred. Intra- 
luminal lucencies were seen in 8 patients after laser treatment. Coronary 
spasm occurred in 8 patients and was reversible after additional vasodila- 
tor therapy. The results of this pilot study suggest that percutaneous 
coronary excimer laser angioplasty is feasible and effective for ablation of 
coronary lesions, and can be performed without subsequent conventional 
balloon angioplasty. 


Continued on page A31 
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wice-a-day dosing* to make life easier for your arrhythmia patients. That’s the 
\uinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
niquely constructed for dependable around-the-clock performance. 














*Some patients may require t.i.d. dosing. 


W QUINIDEX 
EXTENTABS 


(Quinidine Sulfate Extended- 
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Pharmaceutical Division, Richmond, Virginia 23261-6609 
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Please see adjacent page for brief summary. 
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EXTENTABS* 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


The following is a brief summary only. Before prescribing, see complete prescribing 

information in Quinidex product labeling. 

Contraindications: Intraventricular conduction defects. Complete A-V block. A-V 

conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 

rhythms due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 

related cinchona derivatives. Myasthenia gravis. 

Warnings: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
. by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 

rapid ventricular rate. This possible hazard may be reduced by digitalization 

prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be caretully monitored for digitalis toxicity. Reduction of 
digoxin dosage may have to be considered. 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
immediate discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause 
abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 
caution in the presence of digitalis intoxication. 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 
Patients taking quinidine occasionally have syncopal episodes which usually result 

from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 
in response to treatment, but sometimes are fatal. 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
enzymes, particularly in the early stages of therapy, warrant consideration of possible 
hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 

Precautions: Genera/—All the precautions applying to regular quinidine therapy 
apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 
rare, should be considered, especially during the first weeks of therapy. Hospitalization 
for close clinical observation, electrocardiographic monitoring, arid determination of 
serum quinidine levels are indicated when large doses of quinidine are used or with 
patients who present an increased risk. 

Information for Patients—As with all solid dosage medications, Quinidex 
Extentabs should be taken with an adequate amount of fluid, preferably with the patient in 
an upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlied-release mechanism. 

Laboratory Tests—Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 
dyscrasias or evidence of hepatic or renal dysfunction occurs. 

Drug Interactions 


Drug 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 

Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 

Quinidine with tubocurare, Potentiation of neuro- 
succinyicholine and muscular blockade 
decamethonium 

Quinidine with phenothiazines Additive cardiac 


and reserpine depressive eflects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-life of quinidine 


phenytoin, rifampin) 
Quinidine with digoxin Increased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine half-life and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 
Ca is: Studies in animals have not been performed to evaluate the carcino- 
genic potential of quinidine. 
Pregnancy, Te ic Effects: Pregnancy Category C. Animal reproduction 


studies have not been conducted with quinidine. There are no adequate and well- 
controlled studies in pregnant women. Quinidex Extentabs should be administered to a 
woman only if clearly indicated. 
togenic Effects: Like quinine, quinidine has been reported to have oxytocic 
Paice The significance of this property in the clinical setting has not been 
ished. 

Labor and Delivery—There is no known use for Quinidex Extentabs in labor and 
delivery. However, quinidine has been reported to have oxylocic properties. The 
significance of this property in the clinical setting has not been established. 

Nursing Mothers—Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman. 

Pediatric Use—There are no adequate and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children. 

Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of 
hearing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
appear in sensitive patients after a single dose of the drug. The most frequently 
encountered side effects to quinidine are gastrointestinal. 

Gastrointestinal—Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 

Cardiovascular —Ventricular extrasystoles occurring at a rate of one or more every 6 
normal beats; widening of the QRS complex and prolonged QT interval; complete A-V 
. block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes; 

arterial embolism; hypotension; syncope. 

Central Nervous System—Headache, vertigo, apprehension, excitement, 
confusion, delirium, dementia, ataxia, depression. 

Ophthalmologic and Otologic— Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision, disturbed color perception, 

i night blindness, scotomata), optic neuritis, reduced visual field. 


Hypersensitivity— asthmatic , , respira- 
tory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, vasculitis. 

Hematologic— Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, 
acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC 


, Neutropenia. 
Immunologic—Systemic lupus erythematosus, lupus nephritis. 
Miscellaneous—Fever, increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. 
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<@ ZesRiL: The long-acting ACE inhibitor 


Zes achieves 24-hour blood pressure control with a half-life of 12 hours: 
Angiotensin converting enzyme (ACE) inhibition* is long lasting with ZESTRIL — 
sustained 24 hours after a single dose.** 





ACE inhibition is long lasting with Zesmu 2-4 


*In pharmacodynamic studies 

(utilizing 10 mg of enalapril 

and lisinopril), ACE inhibition 

was significantly correlated to 

plasma renin activity and fall 

Enalapril in diastolic blood pressure in 
eo normal volunteers.? 


Placebo 


—adapted from Ajayi et al, p 424? 


Percent inhibition of plasma ACE activity 


(n = 19) 


10 12 
Time (hours) 


The clinical significance of pharmacodynamic differences among 
ACE inhibitors observed in normal volunteers has not been determined in 
hypertensive patients. 


<@ ZesriL: Hypertensive patients start 
and stay at one tablet a day 


A single tablet of Zes reduces blood pressure for 24 hours'— unlike other 
ACE inhibitors, which may have to be increased to b.i.d. or t.i.d dosing 

in some patients. The predictable once-daily dosage of Zes enhances patient 
compliance and cost-effectiveness. 


<@ ZESTRIL: 24-hour blood pressure control 
that’s easy to live with 


ZESTRIL Shares the low incidence of side effects characteristic of ACE inhibitors. 
Additionally, rash or taste disturbance is rarely seen with Zes. What’s more, 
ZesIRIL is not metabolized by the liver. It is absorbed as the active drug and 
does not require bioactivation’— as needed with prodrugs such as enalapril‘ 
Absorption of ZestRit is unaffected by food.® 


Evaluation of the hypertensive patient should always include 
assessment of renal function. (See Dosage and Administration.) 


Angioedema has been reported with ACE inhibitors, W © 
including Zestril. (See Warnings.) cI 


The antihypertensive effect may diminish 0 
at the end of the dosing interval. 


linical significance has not been determined in 
ypertensive patients. 


Please see last page of this advertisement for 
brief summary of prescribing information. 


1989 ICI Americas Inc. 





INDICATIONS AND USAGE. ZESTRIL is indicated for the treatment of hypertension. it may be used alone as initial 
therapy or concomitantly with other classes of antihypertensive agents. In using ZESTRIL. consideration should be 
given to the fact that another angiotensin converting enzyme inhibitor, captopril, has caused agranulocytosis, particularly 
in patients with renal impairment or collagen vascular disease, and that available data are insufficient to show that 
ZESTRIL does not have a similar risk. (See WARNINGS.) CONTRAINDICATIONS. ZESTRIL is contraindicated in patients 
who are hypersensitive to this product and in patients with a history of angioedema related to previous treatment with 
an angiotensin converting enzyme inhibitor, WARNINGS. Angioedema: Angioedema of the face. extremities. lips, tongue, 

lottis and/or larynx has been reported in patients treated with angiotensin converting enzyme inhibitors, including 
ZEST RIL. in such cases, ZESTRIL shouid be promptly discontinued, and the patient carefully observed until the swelling 
disappears. in instances where swelling has been confined to the face and lips the condition has generally resolved 
without treatment, although antihistamines have been useful in relieving symptoms. Angioedema associated with 
laryngeal edema may be fatal. Where there is involvement of the tongue, lottis or larynx, likely to cause airway 
obstruction, appropriate therapy, eg, subcutaneous epinephrine solution 1:1000 (0.3 mi to Q5 mi) should be promptly 
administered. (See ADVERSE REACTIONS.) Hypotension: Excessive hypotension was rarely seen in uncomplicated 
hypertensive patients but is a possible consequence of use with ZESTRIL in salt/volume-depieted persons, such as 
those treated vigorously with diuretics or patients on dialysis. (See PRECAUTIONS. Drug interactions and ADVERSE 
REACTIONS.) In patients with severe congestive heart failure. with or without associated renal insufficiency, excessive 
hypotension has been observed and may be associated with oliguria and/or progressive azotemia, and rarely with 
acute renal failure and/or death. Because of the potential fall in blood pressure in these patients, therapy should be 
started under very close medical supervision. Such patients should be followed closely for the first two weeks of treatment 
and whenever the dose of ZESTRIL and/or diuretic is increased. Similar considerations apply to patients with ischemic 
heart or cerebrovascular disease in whom an excessive fall in blood pressure could result in a myocardial infarction 
of cerebrovascular accident. If hypotension occurs, the patient should be placed in supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication to further 
doses which usually can be given without difficulty once the blood pressure has increased after volume expansion. 
Neutropenia/Agranulocytosis: Another angiotensin converting enzyme inhibitor, captopril, has been shown to cause 
agranulocytosis and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with 
renal impairment especially if they also have a collagen vascular disease. Available data from clinical trials of ZESTRIL 
are insufficient to show that ZESTRIL does not cause agranulocytosis at similar rates. Periodic monitoring of white 
blood cell counts in patients with collagen vascular disease and renal disease should be considered. PRECAUTIONS. 
General. impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone system, changes 
in renal function may be anticipated in susceptible individuals. in patients with severe congestive heart failure whose 
renal function may depend on the activity of the renin-angiotensin-aldosterone system, treatment with angiotensin 
converting enzyme inhibitors, including ZESTRIL, may be associated with oliguria and/or progressive azotemia and 
rarely with acute renal failure and/or death. in hypertensive patients with unilateral or bilateral renal artery stenosis, 
increases in blood urea nitrogen and serum creatinine may occur, Experience with another an iofensin converting 
enzyme inhibitor suggests that these increases are usually reversible upon discontinuation of ZESTRIL and/or diuretic 
therapy. in such patients, renal function should be monitored during the first few weeks of therapy. Some hypertensive 
patients with no apparent pre-existing rena! vascular disease have developed increases in blood urea nitrogen and 
serum creatinine, usualy minor and transient, especially when ZESTRIL has been given concomitantly with a diuretic. 
This is more likely to occur in patients with pre-existing renal impairment. Dosage reduction of ZESTRIL and/or discon- 
tinuation of the diuretic may be required. Evaluation of the hypertensive patient should always include assessment 
of renal function. (See DOSAGE AND ADMINISTRATION.) Hyperkalemia: in clinical trials hyperkalemia (serum potassium 
greater than 5.7 mEq/L) occurred in approximately 2.2% of hypertensive patients and 4.0% of patients with congestive 
heart failure. in most cases these were isolated values which resolved despite continued therapy. Hyperkalemia was 
a cause of discontinuation of therapy in approximately 0.1% of hypertensive patients. Risk factors for the development 
of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-sparing diuretics, 
potassium supplements and/or potassium-containing salt substitutes, which should be used cautiously, if at all, with 
ZESTRIL. (See Drug Interactions.) Surgery/Anesthesia: in patients undergoing major surgery or during anesthesia 
with agents that produce hypotension, ZESTRIL may block angiotensin li formation secondary to compensatory renin 
release. lf hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. 
information for Patients. Angioedema: Angicedema, including laryngeal edema, may occur especially following the 
tirst dose of ZESTRIL. Patients should be so advised and told to report immediately any signs or symptoms suggesting 
angioedema (swelling of face. extremities. eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more 
drug until they have consulted with the prescribing physician. Symptomatic Hypotension: Patients should be cautioned 
to report lightheadedness especially during the first few days of therapy. If actual syncope occurs, the patient should 
be told to discontinue the drug until they have consulted with the prescribing physician. Ail patients should be cautioned 
that excessive perspiration and dehydration may lead to an excessive fall in blood pressure because of reduction in 
fluid volume. Other causes of volume depletion such as vomiting or diarrhea may also lead to a tallin blood pressure: 
patients should be advised to consult with their physician. Hyperkalemia: Patients should be told not to use salt sub- 
stitutes containing potassium without consulting their physician. Neutropenia: Patients shouid be told to report promptly 
any indication of infection (eg, sore throat, tever) which may be a sign of neutropenia. NOTE: As with many other drugs. 
certain advice to patients being treated with ZESTRIL is warranted. This information is intended to aid in the safe and 
effective use of this medication. It is not a disclosure of all possible adverse or intended effects. DRUG INTERACTIONS. 
Hypotension ~ Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
recently instituted, may occasionally experience an excessive reduction of blood pressure after initiation of therapy 
with ZESTRIL, The possibility of hypotensive effects with ZESTRIL can be minimized by either discontinuing the diuretic 
or increasing the salt intake prior to initiation of treatment with ZESTRIL. If it is necessary to continue the diuretic, 
initiate therapy with ZESTRIL at a dose of 5 mg daily, and provide close medical supervision after the initial dose for 
at least two hours and until blood pressure has stabilized for at (east an additional hour. (See WARNINGS, and DOSAGE 
AND ADMINISTRATION. } When a diuretic is added to the therapy of a patient receiving ZESTRIL . an additional antihyper- 
tensive effect is usually observed. Studies with ACE inhibitors in combination with diusetics indicate that the dose 
of the ACE inhibitor can be reduced when itis given with a diuretic. (See DOSAGE AND ADMINISTRATION.) indomethacin: 
in a study in 36 patients with mild to moderate hypertension where the antihypertensive effects of ZESTRIL alone were 
compared to ZESTRIL given concomitantly with indomethacin, the use of indomethacin was associated with a reduced 
effect. although the difference between the two regimens was not significant. Other Agents: ZESTRIL has been used 
concomitantly with nitrates and/or digoxin without evidence of clinically significant adverse interactions. No clinically 
important pharmacokinetic interactions occurred when ZESTRIL was used concomitantly with propranolol or hydro- 
chiorothiazide. The presence of food in the stomach does not alter the bioavailability of ZESTRIL. Agents increasing 
Serum Potassium: ZESTRIL attenuates potassium loss caused by thiazide-type diuretics. Use of ZESTRIL with potassium- 
sparing diuretics (eg, spironolactone, triamterene or amiloride), potassium supplements, or potassium-containing salt 
substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these agents is indi- 
cated because of demonstrated hypokalemia, they should be used with caution and with frequent monitoring of serum 
potassium. Lithium: Lithium toxicity has been reported in patients receiving lithium with drugs which cause elimination 
of sodium, including ACE inhibitors. Lithium toxicity was usually reversible upon discontinuation of both drugs. It is 
recommended that serum lithium levels be monitored frequently if ZESTRIL is administered concomitantly with lithium. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. There was no evidence of a tumorigenic effect when lisinopril 
was administered for 105 weeks to male and female rats at doses up to 90 mg/kg/day (about 56 times” the maximum 
recommended daily human dose) or when lisinopril was administered for 92 weeks to (male and female) mice at doses 
up to 135 mg/kg/day (about 84 times” the maximum recommended daily human dase). *Based on patient weight 
of 50 kg. Lisinopril was not mutagenic in the Ames microbia! mutagen test with or without metabolic activation. it 
was also negative in a forward mutation assay using Chinese hamster lung cells. Lisinopril did not produce single strand 
DNA breaks in an in vitro alkaline elution rat hepatocyte assay. in addition. lisinopril did not produce increases in 
chromosomal aberrations in an in vitro test in Chinese hamster ovary cells or in an in vivo study in mouse bone mar- 
row. There were no adverse effects on reproductive performance in male and female rats treated with up to 300 mg/kg/day 
ot lisinopril. Pregnancy. Pregnancy Category C: Lisinopril was not teratogenic in mice treated on days 6-15 of gestation 
with up to 1,000 mg/kg/day (625 times the maximum recommended human dose). There was an increase in fetai 
resorptions at doses down to 100 mg/kg: at doses of 1.000 mg/kg this was prevented by saline supplementation. There 
was no fetotoxicity or teratogenicity in rats treated with up to 300 mg/kg/day (188 times the maximum recommended 
dose) of lisinopril at days 6-17 of gestation. in rats receiving lisinopril trom day 15 of gestation through day 21 post- 
partum, there was an increased incidence in pup deaths on days 2-7 postpartum and a lower average body weight 
of pups on day 21 postpartum. The increase in pup deaths and decrease in pup weight did not occur with maternal 
saline supplementation. Lisinopril, at doses up to 1 mg/kg/day, was not teratogenic when given throughout the organ- 
agenic period in saline supplemented rabbits. Saline supplementation (physiologic saline in place of tap water} was 
used to eliminate maternotoxic effects and enable evaluation of the teratogenic potentia! at the highest possibie dosage 
tevel. The rabbit has been shown to be extremely sensitive to angiotensin converting enzyme inhibitors (captopril and 
enalapril) with maternal and fetotoxic effects apparent at or below the recommended therapeutic dosage levels in man. 
Fetotoxicity was demonstrated in rabbits by an increased incidence of fetal resorptions at an oral dose of lisinopril 
of 1 mg/kg/day and by an increased incidence of incomplete ossification at the lowest dose tested (0.1 mg/kg/day). 
A single intravenous dose of 15 mg/kg of lisinopril administered to pregnant rabbits on gestation days 16, 21 or 26 
resuited in 88% ta 100% feta! death. By whole body autoradiography, radioactivity was found in the placenta following 
administration of labeled fisinepril to pregnant rats, but none was found in the fetuses. Human Experience: There 
are no adequate and well-controlled studies of lisinopril in pregnant women. However, data are available that show drugs 
of this class cross the human placenta. Because the risk of fetal toxicity with the use the ACE inhibitors has not been 
clearly defined (see below), lisinopri should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Postmarketing experience with all ACE inhibitors thus far suggests the following with regard to pregnancy 
outcome. Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome 
adversely. Fetal exposure during the second and third trimesters of pregnancy has been associated with fetat and neonatal 
morbidity and mortality. When ACE inhibitors are used during the later stages of pregnancy, there have Deen reports 
of hypotension and decreased renal perfusion in the newborn. Oligahydramnios in the mother has also been reported, 
sresumably representing decreased renal function in the fetus. infants exposed in utero to ACE inhibitors should be 
closely observed for hypotension. oliguria and hyperkalemia. Hf oliguria occurs. attention should be directed toward 


ZESTRIL” (lisinopril) 


support of blood pressure and renal perfusion with the administration of fluids and pressores as appropriate. Probien 
associated with prematurity such as patent ductus arteriosus have occurred in association with maternal use of At 
inhibitors, but itis not clear whether they are related to ACE inhibition, maternal hypertension or the underlying prematuri 
Another ACE inhibitor, enalapril, has been removed from the neonatal circulation by peritoneal dialysis and theoretica 
may be removed by exchange transfusion, although there is no experience with the latter procedure. There is no experien 
with either of these procedures for removing lisinopril or other ACE inhibitors from the neonatal circulation. Nursi! 
Mothers: Milk of factating rats contains radioactivity following administration of 14C lisinopril. It is not known whet 
this drug is excreted in human milk, Because many drugs are excreted in human miik, caution should be exercis 
when ZESTRIL is given to a nursing mother. Pediatrie Use: Safety and effectiveness in children have not been estabiishe 
ADVERSE REACTIONS. ZESTRIL has been found to be generally well tolerated in controlled clinical trials involvi 
2003 patients and subjects. The most frequent clinical adverse experiences in controlled trials with ZESTRIL were diz 
ness (6.3%), headache (5.3%), fatigue (3.3%), diarrhea (3.2). upper respiratory symptoms (3.0%), and cough (2.9% 
aii of which were more frequent than in placebo-treated patients. For the most part, adverse experiences were m 
and transient in nature. Discontinuation of therapy was required in 6.0% of patients. in clinical trials, the overall frequer 
of adverse experiences could not be related to total daily dosage within the recommended ee dosage ran 
For adverse experiences which occurred in more than 1% of patients and subjects treated with ZESTRIL of ZESTRIL pl 
hydrochlorothiazide in controlled clinical trials, comparative incidence data are listed in the table below. 


Percent of Patients in Controlled Studies 
ZESTRIL ZESTRIL /Hydrachlorothiazide 
(n = 644) 





(n = 20037) Placebo 

incidence incidence {n = 207} 

(discontinuation) (discontinuation) incidence 
Dizziness 6.3 (0.6) 9.0 (0.9) 1.9 
Headache 5.3 (0.2) 4,3 (0.5) 1.9 
Fatique 3.3 {0.2} 3.9 (0.5) 1.0 
Diarrhea 3.2 (9.3) 2.6 (0.3) 2.4 
Upper Respiratory Symptoms 3.0 (0.0) 45 (0.0) 0.0 
Cough 2.9 (0.4) 4.5 (0.8) 1.0 
Nausea 2.3 (0.3) 2.5 {0.2} 2.4 
Hypotension 4.8 (0.8) 1.6 (0.5) 0.5 
Rash 1.5 (8.4) 1.6 (0.2) 0.5 
Orthostatic Effects 4.4 (0.0) 3.4 {8.2} 1.0 
Asthenia 41.3 (0.4) 2.0 (0.2) 1.0 
Chest Pain 1.3 (0.1} 1.2 (0.2) 1.4 
Vomiting 1.3 {0.2} 1.4 (6.0) 0.5 
Dyspnea 1.4 (0.0) 0.5 (0.2) 1.4 
Dyspepsia 1.0 (0.0) 1.9 (0.0) 0.0 
Paresthesia 0.8 (0.0) 2.0 (0.2) 0.0 
Impotence 0.7 (0.2) 1.6 {0.3} 0.0 
Muscle Cramps 0.6 (0.0) 2.8 {0.6} 0.5 
Back Pain 0.5 {0.0} 1.1 (0.0) 14 
Nasal Congestion 0.3 (0.0) 4.2 {0.0) 0.0 
Decreased Libido 0.2 (0.1) 4.2 (0.0) 0.0 
Vertigo 0.1 (0.0) 1.4 (0.2} 0.0 


tincludes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or diuretic there 


Clinical adverse experiences occurring in 0.3% to 1.0% of patients in the controlled trials and rarer, Serious, possi 
drug related events reported in uncontrolled studies or marketing experience included: BODY AS A WHOLE: Chest í 
comfort, fever, flushing. CARDIOVASCULAR: ea pectoris, orthostatic hypotension, rhythm disturbances, tac 
cardia, peripheral edema, palpitation. DIGESTIVE: Abdominal pain, anorexia, constipation, flatulence. METABOLIS 
Gout. MUSCULOSKELETAL: Joint pain, shoulder pain. NERVOUS SYSTEM/PSYCHIATRIC: Depression, somnolen 
insomnia, stroke. RESPIRATORY SYSTEM: Bronchitis, sinusitis, pharyngeal pain. UROGENITAL: Oliguria, progres: 
azotemia, acute renal failure. OTHER: Blurred vision, pruritus, urinary tract infection, vasculitis of the legs. ANGIOEDES 
Angioedema has been reported in patients receiving ZESTRIL (0.1%). Angioedema associated with laryngeal ede 
may be fatal. If angioedema of the face, extremities, lips, tongue, glottis and/or larynx occurs, treatment with ZEST 
should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) HYPOTENSION: In hyg 
tensive patients, hypotension occurred in 1.2% and syncope occurred in 0.1% of patients. Hypotension or sync 
was a cause of discontinuation of therapy in 0.5% of hypertensive patients. (See WARNINGS.) in patients with conges 
hean failure, hypotension occurred in 5.0% and syncope occurred in 1.0% of patients. These adverse experien 
were causes for discontinuation of ma in 1.3% of these patients. Clinical Laboratory Test Findings. Serum Elec 
lytes: Hyperkalemia. (See PRECAUTIONS.) Creatinine, Blood Urea Nitrogen: Minor increases in blood urea nitro: 
and serum creatinine, reversible upon discontinuation of therapy, were observed in about 2.0% of patients with esser 
hypertension treated with ZESTRIL alone. increases were more common in patients receiving concomitant diure 
and in patients with renal artery stenosis. (See PRECAUTIONS.) Reversible minor increases in blood urea nitrogen | 
serum creatinine were observed in approximately 9.1% of patients with congestive heart failure on concomitant diur 
therapy. Frequently, these abnormalities resolved when the dosage of the diuretic was decreased. Hemoglobin i 
Hematocrit: Smal! decreases in hemoglobin and hematocrit (mean decreases of approximately 0.4 g% and 1.3 vo 
respectively) occurred frequently in patients treated with ZESTRIL but were rarely of clinical importance in patie 
without some other cause of anemia. In clinical trials, less than 0.1% of patients discontinued therapy due to anen 
Other (Causal Relationship Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin have occurred. 0) 
all, 2.0% of patients discontinued therapy due to laboratory adverse experiences, principally elevations in blood u 
nitrogen (0.6%), serum creatinine (0.5%), and serum potassium (0.4%). OVERDOSAGE. The oral LDso of lisina 
is greater than 20 g/kg in mice and rats. The most likely manifestation of overdosage would be hypotension, for wt 
the usual treatment would be intravenous infusion of normal saline solution. Lisinopril can be removed by hemodialy 
DOSAGE AND ADMINISTRATION. Initial Therapy: in patients with uncomplicated essential hypertension not on diur 
therapy, the recommended initial dose is 10 mg once a day. Dosage should be adjusted according to bicod press 
response. The usual dosage range is 20-40 mg per day administered in a single daily dose. The antihypertensive ef 
may diminish toward the end of the dosing interval regardless of the administered dose, Out most commonly wi 
dose of 10 mg daily. This can be evaluated by measuring blood pressure just prior to dosing to determine whe 
satisfactory contro! is being maintained for 24 hours. fit is not, an increase in dose should be considered. Doses u 
80 mg have been used but do not appear to give greater effect. if blood pressure is not controlled with ZESTRIL ator 
low dose of a diuretic may be added. Hydrochiorothiazide, 12.5 mg has been shown to provide an additive effect. A 
the addition of a diuretic, it may be possible to reduce the dose of ZESTRIL. Diuretic Treated Patients: in hyperten 
patients who are currently being treated with a diuretic, symptomatic hypotension may occur occasionally following 
initial dose of ZESTRIL. The diuretic should be discontinued, if possibie, for two to three days before beginning ther 
with ZESTRIL to reduce the likelihood of hypotension. (See WARNINGS.) The dosage of ZESTRIL should be adju: 
according to blood pressure response. if the patient's blood pressure is not controlled with ZESTRIL alone, diur 
therapy may be resumed as described above. if the diuretic cannot be discontinued, an initial dose of 5 mg shoul 
used under medical supervision for at least two hours and unti! blood pressure has stabilized for at least an additi 
hour. (See WARNINGS and PRECAUTIONS, Drug interactions.) Concomitant administration of ZESTRIL with potass 
supplements, potassium salt substitutes, or potassium-sparing diuretics may lead to increases of serum potassi 
(See PRECAUTIONS.) Use in Elderly: in general, blood pressure response and adverse experiences were simil 
younger and older patients given similar doses of ZESTRIL. Pharmacokinetic studies, however, indicate that maxirr 
blood jevels and area under the plasma concentration time curve (AUC) are doubled in older patients so that dosage 
iustments should be made with particular caution. Dosage Adjustment in Renal impairment: The usual dose of PEST 
(10 mg) is recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up to approxima 
3 mg/dL). For patients with creatinine clearance = 10 mL/min < 30 mL/min (serum creatinine = 3 mg/dL}, the 
dose is 5 mg once daily. For patients with creatinine clearance < 10 mL/min (usually on hemodialysis) the recommen 
initial dase is 2.5 mg. The dosage may be titrated upward until blood pressure is controlied or to a maximum of 40 mg d 
Creatinine Clearance mL/min 


Renal Status initial Dose mg/day 


Normal Renai Function to Mild Impairment > 30 10 
Moderate to Severe impairment 210 <30 5 
Dialysis Patients <10 2.54 


‘Dosage or dosing interval should be adjusted depending on the blood pressure response. 
Stuart Pharmaceuticals, A business unit of ICI Americas inc., Wilmington, DE 19897 USA Revd « 
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Percutaneous Cardiopulmonary Bypass Support in High-Risk 
Patients Un rgoing Percutaneous Transluminal Coronary 
Angioplasty 
Fayaz- A. Shawl, Michael J. Domanski, Sudhakar Punja, and 
Tomas J. Hernandez 


























In 51 consecutive patients, percutaneous cardiopulmonary bypass support 
was instituted to enhance the safety of high-risk elective coronary angio- 
i plasty. All patients had low ejection fraction, a large amount of myocardi- 
um perfused. | by the target artery, or both. Canadian Cardiovascular 
Society class III angina was present in 23 and class IV in 28 patients. 
Twenty (39%) were considered to be at prohibitive risk for coronary 
bypass. surgery (14 were turned down for surgery). Angioplasty was suc- 
cessful in 115 of 117 lesions attempted, with the culprit vessel dilated in all. 
Inflation times up to 10 minutes were well tolerated. Hemostasis was 
achieved in 50 by external clamp compression. There were 3 hospital 
deaths unrelated to. bypass. The most common complication was a need 
for blood transfusion. At a mean follow-up of 4.9 months, 92% were 
asymptomatic or in class I. 





oh NEA A AEA E 
Predictors of Success i in Percutaneous Transluminal Coronary 
Angioplasty of Chronic Total Occlusions 





Paul J. LaVeau, Michael S. Remetz, Henry S. Cabin, fone F. Hennecken, 
Susan H. McConnell, Robin E. Rosen, and Michael W. Cleman 


Earlier studies. have indicated that percutaneous transluminal. coronary 
angioplasty (PTCA) of chronic total occlusions has a low success rate. To 
determine success rate and assess clinical and angiographic variables 
associated with success, we analyzed 57 total occlusions in 56 patients 
undergoing PTCA. Success was achieved at 40 of 57 (70%) dilatation 
sites. Of these 57 total occlusions, 5 were attempted <24 hours after acute 
infarction, 35 between 1 day and 8 weeks of clinical. occlusion, 13 >8 
weeks and 4 were of unknown duration. Success rates were 4 of 5, 25 of 35, 

9 of 13 and 2 of 4, respectively, in each group (difference not significant). 
None of the analyzed clinical or angiographic variables impacted on 
success rate. No patient died, had a Q-wave infarction or required. emer- 
gency coronary artery bypass grafting. Non-Q-wave infarction occurred 
in 2 of 56 patients (4%). Thus, PTCA of total occlusions, even those of a 
chronic nature, can be performed with a good acute success rate and avery 
low risk of major complications. Clinical and angiographic characteristics 
provide little information in predicting PTCA success for chronic total 
occlusions. 
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7 2B E Early Hospital Discharge After Percutaneous Transluminal 
= Coronary Angioplasty 


- 1280 | | 

Clinical Correlates and Prognostic Significance of Tyne A 

_ Behavior and Silent Myocardial Ischemia on the Treadmill 
William C. Siegel, Daniel B. Mark, Mark A. Hlatky, Frank E. Harrell, Jr., 





David R. Cragg, Harold Z. Friedman, Steven L. Almany, Vellappilll 
Gangadharan, Renato G. Ramos, Arlene B. Levine, Timothy A. LeBeau, 
and William W. O'Neill 


To determine the safety and efficacy of early hospital discharge after 
percutaneous transluminal coronary angioplasty (PTCA), 100 patients 


-were studied prospectively. A telemetry observation unit was established 
-to monitor patients having uncomplicated procedures. A total of 170 
_ lesions were dilated with a procedural success rate of 96% and a clinical. 
‘success rate of 91%. There were no deaths or patients who required 
emergency bypass surgery. Excluding 4 patients with myocardial infarc- 
tion, 75% (12 of 16) were discharged the next day. This initial experience 


with early discharge suggests that under proper conditions the procedure is 


safe and effective. Patients with complex coronary dissections who are at 


high risk for abrupt vessel closure can be promptly identified after dilata- 


tion and triaged to an appropriate monitoring area. Early discharge after 
PTCA offers more efficient use of hospital f acilities and the opportunity to 


reduce procedural costs. 


1275 
Predictive Value of Quantitative Dipyridamole-Thallium | 





- Scintigraphy in Assessing Cardiovascular Risk After Vascular 
_ Surgery in Diabetes Mellitus 
-Steven E. Lane, Stanley M. Lewis, John J. Pippin, Edward J. Kosinski, 


David Campbell, Richard W. Nesto, and Thomas Hill 


One hundred one diabetic patients were evaluated with ERA 
thallium scintigraphy before undergoing vascular surgery. The incidence 
of thallium abnormalities was high (80%) and did not correlate with 
clinical markers of coronary disease. Cardiovascular complications oc- 
curred in 11% of all patients. Statistically significant prediction of risk was 


not achieved with simple assessment of thallium results as normal or 


abnormal. Quantification of the total number of reversible defects as well 
as assessment of reversibility in the distribution of the left anterior de- 
scending coronary artery was required for optimum predictive accuracy. 

We conclude that the prevalence of dipyridamole-thallium abnormalities 
in a diabetic population is much higher than that reported in nondiabetics 
and cannot be predicted by the usual clinical indicators of heart disease. In 
addition, cardiovascular risk of vascular surgery can be optimally assessed 


by quantitative analysis of dipyridamole-thallium scintigraphy. 





David B. Pryor, John C. Barefoot, and Redford B. Williams, Jr. 


_ 4 siye A patients with coronary artery disease (CAD) tend to ignore or 
-`> underreport symptoms, especially during challenging tasks such as the 
ip treadmill test. To determine whether type A eee are more re likely than: ne 
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The reason to 
recommend it 
is backed by 
facts. 







TRi-BUFFERED 
BUFFERIN is 325 mg 
aspirin in a formula- 
tion buffered with 
magnesium carbo 
nate, calcium carbo- 
nate, and magnesium 
oxide. The buffering 
system provides total 
acid-neutralizing ca- 
pacity of 6.8 mEq of 
1.0 N HCI (per tablet) 


The reason to recommend TrRi-suFFERED BUFFERIN® is to provide 
the benefits of aspirin plus protection against aspirin stomach upset. 
Data published in the American Journal of Gastroenterology support 
this.’ In these controlled clinical studies of TRiI-auFFERED BUFFERIN 
versus plain aspirin, the incidence of subjective aspirin stomach 
upset was 33% lower with TRi-aUuFFERED BUFFERIN (p <0.007). 
So, when the clinical situation requires aspirin, make a recommen- 
dation backed by facts. Recommend TrRi-suFFERED BUFFERIN-—for 
aspirin benefits with documented protection from aspirin stomach upset. 


TAI- BUFFERED 


BUFFERIN 


(325 mg aspirin) 


Reference: 1. Sabesin SM, Boyce HW. King CE, et al: 

Comparative evaluation of gastrointestinal intolerance pro- 
duced by plain aspirin and tri-buffered aspirin tablets. Am J 
Gastroenterol 1988;83:1220-1225. 


© 1988 Bristol-Myers Co. 1/89 GTFH-140 





















































iype B patiéñtst to o have silent ischemia during exercise e anda a worse e progno- Be ape 
“sis, we studied 403 patients with angiographically documented stable = 
CAD, a positive Bruce protocol treadmill test and a structured interview to 
assess type A behavior. Type A patients were more likely to experience 
silent: ischemia during exercise (35 vs 25%, p = 0.05). However, there 
-were neither significant differences in survival between type A and B 
patients with silent ischemia (4-year survival 86 vs 79%, p = = 0.44), nor 
between type A patients with silent ischemia and type A patients with 
‘symptomatic ischemia (6-year survival 86 vs 80%, p = 0. 59). Type A 
_ patients are more likely to have silent ischemia during exercise, but long- 
‘term survival is not affected. 


1284 
Prognosis i in Patients with a Strongly Positive Exercise 
Electrocardiogram 

Peter Bogaty, Gilles R. Dagenais, Bernard Cantin, Pierre Alain, and 
- Jacques R. Rouleau — 


The workload achieved by coronary patients with strongly Wve electro- 
cardiograms during stress testing identifies subsets with good or poor 
-survival rates. To determine whether it can also predict morbid coronary — 
events such as myocardial infarction and unstable angina, 241 patients 
with strongly positive exercise electrocardiograms and defined coronary 
anatomy, initially both stable and destined to medical treatment, were 
-followed for 8 years. There were 52 deaths, 21 myocardial infarctions and 
-41 episodes of unstable angina. As expected, the workload achieved pre- 
dicted fatal events but was unable to predict morbid events that correlated 
with no clinical, hemodynamic or angiographic parameter. 


‘ARRHYTHMIAS AND CONDUCTION DISTURBANCES | 


1289 see 

Natural History of Potentially Lethal Ventricular Arr hythmias 
in Patients Treated with Long-Term Antiarrhythmic Drug. 
‘Therapy 

Harold L. Kennedy, Michael K. Sprague, Sharon M. Homan, Sondra M. 
Seiler, Robert D. Wiens, Denise L. Janosik, Robert M. Redd, and Thomas 
A. Buckingham, with the technical assistance of Debra Lyyski and 

Julie Stoltz 





To examine the natural history of long-term antiarrhythmic drug therapy 
of potentially lethal ventricular premature complexes (VPCs), we pro- 

_ spectively followed 28 patients who initially demonstrated moricizine anti- 
arrhythmic drug efficacy for 1 to 56 months (mean 25 + 17). Loss of 
antiarrhythmic efficacy (<75% suppression ) most commonly occurred as 

a transient event in 36% of patients due to spontaneous variability. In- 

| creased moricizine dose titration was necessary in 4 (14%) patients and 4 
= (14%) patients lost antiarrhythmic drug response. Spontaneous resolution 
of VPCs (3 patients), late proarrhythmic effects (2 patients), delayed side 
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The Anyfingers Patch. 


All nitroglycerin patches work. 


But Nitro-Dur is the one nitroglycerin patch that 
works so readily, any fingers can easily open and 
apply it...even stiff fingers, clumsy fingers, arthritic 
fingers guided by presbyopic eyes. 


Test it yourself. To see how easy handling Nitro-Dur 
can be, open one and handle it yourself. Compare it 
with other patches. 


Compare its thinness, its comfort, its appearance. 
Nitro-Dur clings bulklessly and bulgelessly to the 
skin, so thin that pores and texture show through... 
so discreet about its presence that it’s nearly 
invisible. Handle one and see. Handling is believing! 








Nitro-Dur’ 
(nitroglycerin) 
Transdermal Infusion System 


: 


bows U 
NIG i 


Easy to -= 
roh tai ASR 
open... pan "igen 


apply... ‘ moba" pg 
remove. =~ 
noD” 


5 mg patch, actual size. 


Please see next page for brief summary of prescribing information. Copyright © 1988, Key Pharmaceuticals, Inc., Kenilworth, NJ 07033. All rights reserved. 
































































‘Easy opening—even for 
arthritic hands. 
-e Round-the-clock cling—lies 
~~ flat, holds tight. 
-e Hard to notice, easy to wear— 
~semitransparent, soft and 
flexible. 
-+ Push-button removal—just a 
_ . press in the center raises the 
rim for easy lift-off. 
BRIEF SUMMARY 


INDICATIONS AND USAGE: This drug product 
has been conditionally approved by the FDA 
for the prevention and treatment of angina 
pectoris due to coronary artery disease. The 
conditional approval reflects a determination 
that the drug may be marketed while further in- 
vestigation of its effectiveness is undertaken. 

A final evaluation of the effectiveness of the 
product will be announced by the FDA. 


- CONTRAINDICATIONS: Intolerance of organic 
nitrate drugs, marked anemia. 
WARNINGS: The NITRO-DUR system should be 
used under careful clinical and/or hemodynamic 











monitoring in patients with acute myocardial in- 
farction or congestive heart failure. 
__ In terminating treatment of anginal patients, 
both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 
6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vaso- 
_ Gilators in the nitroglycerin class. 
: PRECAUTIONS: Symptoms of hypotension, such 
-as faintness, weakness or dizziness, particularly 
orthostatic hypotension, may be due to over- 
dosage. If during the course of treatment these 
_ symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

NITRO-DUR is not intended for use in the 
treatment of acute anginal attacks. For this pur- 
pose, occasional use of sublingual nitroglycerin 
may be necessary. 

Pregnancy: Pregnancy Category C. Animal 
_reproduction studies have not been conducted 
with NITRO-DUR, It is also not known whether 
_. nitroglycerin can cause feta! harm when adminis- 
_tered to a pregnant woman or can affect repro- 
duction capacity. Nitrogiycerin should be given to 
a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether nitro- 
glycerin is excreted in human milk. Because 
many drugs are excreted in human milk, caution 
should be exercised when NITRO-DUR is admin- 
istered to a nursing woman, 


ADVERSE REACTIONS: Transient headache is 
- the most common side effect, especially when 
higher doses of the drug are administered. Head- 
- aches should be treated with mild analgesics 
while continuing NITRO-DUR therapy. If head- 
ache persists, the NITRO-DUR dosage should be 
reduced or use of the product discontinued. 
Adverse reactions reported less frequently in- 
elude hypotension, increased heart rate, faint- 

O ness, flushing, dizziness, nausea, vomiting, and 
dermatitis, Except for dermatitis, these symptoms 
are attributed to the pharmacologic effects of 

_. fitroglycerin, However, they may be symptoms of 
-. overdosage. When they persist, the NITRO-DUR 
dosage should be reduced or use of the product 
discontinued. 
= CAUTION: Federal law prohibits dispensing 
Co =. without prescription. EDP #1030160 
co Revised 09/87 14362304 
ee ara Copyright © 1987, Key Pharmaceuticals, inc. 
Kenilworth, NJ. 07033. All rights reserved. 
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ty group. F 
| This is an excellent opportunity in a gr (popu- 
lation 600,000+). Fee for service and prepaid health f 
care. Must be board certified and have experience in all 
aspects of invasive and non-invasive studies. Position — 
offers excellent compensation and benefits package, in- _ 
cluding paid malpractice, stock option and relocation. 
expenses. Interested individuals should submit curricu- 
lum vitae in confidence to: Southwest Medical Asso- 
ciates, Attn: Janet R. McGee, Manager, Physician Re- 
cruitment, P.O. Box 15645, Las Vegas, NV 89114-5645. 












CARDIOLOGIST-—-BC/BE, Invasive referral practice, 
quaranteed salary. Willing to supplement Cardiology 
with IM. Central Florida. CV to Box 1030, The American 
Journal of Cardiology, 249 W. 17th St., New York, N.Y. 
10011. 









CAREER CHANGE OPPORTUNITIES in the Pharmaceutical 
industry. We have assignments for experienced board certi- 
fied/eligible physicians. Send your CV to Bruce Rogers Co., 
Management Consultants, 20 Main Street, Port Washington, 
NY 11050 (516) 883-1058. 


CARDIOLOGIST 
NORTHWESTERN, PA. 


Eighth cardiologist sought for expanding 
group practice located in lakeside city. of 
250,000+. Affiliated with a 560+ bed 
teaching hospital with a state-of-the-art 
Cardiopulmonary Center. Three cath labs, 
nuclear cardiology, high volume practice. 
Angioplasty training required. 


Successful candidate will be a graduate of 
university program with both invasive and 
non-invasive training. We offer a competitive 
financial and benefits package leading to 
partnership. 


This area offers an excellent quality of life, 

good public and private schools and afford- 

able housing. Enjoy water and snow-skiing, 

sailing, fishing and a host of other recreation- 

al opportunities along with easy access to 
three major. metropolitan areas. Please reply 
Box 1060, The American Journal of Cardiol- 
ogy, 249 W. 17th St, New York, N.Y. 

10011. am ae va re 





At the heart of the hospital... 





VorkSta ationCh St | e tota'y inte in tegrated networking 






E of a centralized eked interactive databases for cath lab research and As 
database and inventory is your key to more inventory. For a demo, or more information, call or write: 
efficient procedures and better utilization en 

of your cath lab. 










PPG Biomedical Systems, inc. 
1 Campus Drive, Pleasantville, NY 10570 


When used with PPG's computerized 800-321-3251 

MEDDARS®, WorkStationCNs offers you PPG Biomedical Systems Canada Inc. ao 
a complete cath lab system... with 70 Esna Park Drive, Unit 1, Markham, Ontario L3R 1E3 ee 
unparalleled data management. “=m 416-479-6556 300-668-8627 





Up to 24 computer/workstations can 
simultaneously access the 109 megabyte data 
storage capacity...while lab procedures 
continue uninterrupted. 


< WorkStationCNS features include: Graphics 
for concise illustration; word processing 
software for comprehensive reports in any 
a „number of formats; and dedicated 









-effects (6 patients) and medical events (4 patients): id during 56 


o ~~ months of follow-up. Time-related changes of spontaneous variability, ad oOo 


eee - Jate clinical and arrhythmic events are problematic during long-term 
























antiarrhythmic drug therapy. 


-g298- 
-Argon Laser Ablation of Malignant Ventricular Tachycardia 

Associated with Coronary Artery Disease 

Sanjeev Saksena, Isaac Gielchinsky, and Nicholas G. Tullo 


The long-term efficacy and safety of intraoperative mapping-guided ar- 
gon laser ablation alone or in conjunction with standard surgical methods 
were evaluated in 20 consecutive patients with refractory sustained ven- 
tricular tachycardia or ventricular fibrillation. Postoperative 30-day mor- 
tality was 5%. All survivors had suppression of inducible sustained ventric- 
ular tachycardia on discharge; only | patient required antiarrhythmic 
drug therapy. At 1-year follow-up there was no sudden death and total 
survival rate was 90%. We conclude that intraoperative laser ablation 
alone or in conjunction with standard surgical techniques is an effective 
and safe surgical ablation procedure for ventricular tachycardia or ven- 
tricular fibrillation and reduces the need for additional postoperative anti- 
arrhythmic therapy. 
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Efficacy of Intravenous Propranolol for Suppression of 
inducibility of Ventricular Tachyarrhythmias with Different 
_Electrophysiologic Characteristics in Coronary Artery Disease 
Heikki V. Huikuri, Marilyn Cox, Alberto Interian, Jr., Kenneth M. Kessler, 
Frances Glicksman, Agustin Castellanos, and Robert J. Myerburg 


The efficacy of intravenous propranolol for suppression of inducibility of 
sustained ventricular tachyarrhythmias (VT) was studied in 24 patients 
who had unsuccessfully received 21 membrane-active antiarrhythmic 
drug. Seven patients (29%) became noninducible (responders) and 17 
patients (71%) remained inducible (nonresponders) to sustained VT after 
propranolol: Seven of 11 patients (64%) who had 2 1 episodes of unstable 
VTs (polymorphic VT, ventricular flutter, ventricular fibrillation) induci- 
ble at baseline responded to propranolol, while none of the patients with 
only stable monomorphic VTs became noninducible after 6 blockade (p 
<0.001). Thus, intravenous propranolol appears to be efficacious in sup- 
pressing fast, electrically unstable VTs compared to monomorphic VTs 
with slower rates. 


ND re i 
E -Comparison of Adenosine and Verapamil for Termination of 
Paroxysmal Junctional Tachycardia 
Clifford Garratt, Nicholas Linker, Michael Griffith, David Ward, and 
A. John Camm 


The effects of intravenous adenosine and intravenous verapamil on parox- 


-~ ysmal junctional tachycardia were compared in 20 patients undergoing 
e : Invasive. cardiac electrophysiologic study. ae of results i in terms of © 










THE EMERGENCE OF A NEW SOURCE OF 24-HOUR 
ANTIHYPERTENSIVE AND ANTIANGINAL PROTECTION 


New, Once-a-Day 


g and 90 mg GITS 


Hea Please see brief summary of 
1989, Pfizer inc. ` SE prescribing mformation on last page. 
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Once-a-Day aa on cae 
Procardia X.L 
nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


24-HOUR CONTROL 


N 





FOR BOTH HYPERTENSION AND ANGINA 
WITH ONCE-DAILY DOSING 


NOW, Once-Daily Dosing Controls Hypertension 


@ The only calcium channel blocker indicated for once-a-day dosing 
at all doses 


è Effective as monotherapy' and in combination? 


Once-Daily Dosing Controls Angina 
@ The only once-a-day calcium channel blocker for angina 


@ Easy to switch from nifedipine capsules to PROCARDIA XL Extended 
Release Tablets?“ 


@ PROCARDIA XL angina indications: Patients with proven or suspected 
vasospastic angina, and patients with classic effort angina who remain 
symptomatic despite adequate doses of beta blockers and/or nitrates 
or who cannot tolerate these agents 





New 24-Hour Controlled-Release Delivery System 


è Releases nifedipine into the gastrointestinal tract at an essentially 
constant rate over the 24-hour period, independent of pH, with no 
dose dumping?° 


è Minimal serum fluctuations —no significant peaks, no significant 
troughs? 





@ Low incidence of vasodilatory side effects. The most common side 
effects are peripheral edema, which is not associated with fluid 
retention, and headache 


In controlled trials of 776 patients with PROCARDIA XL, 
edema resulted in discontinuation of therapy in 2.7% of patients“ 


Please see brief summary of prescribing information on last page 





New, Once-a-Day 


Procardia XL 


(nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


-HOUR CONTROL FOR BOTH HYPERTENSION 
AND ANGINA WITH ONCE-DAILY DOSING 








EASY TO INITIATE ONCE-DAILY DOSING 





è Initiate once-a-day therapy with a single 30-mg or 60-mg PROCARDIA XL Extended 


Release Tablet, swallowed whole 


EASY TO SWITCH TO ONCE-DAILY DOSING 


@ Over 90% of angina patients controlled on nifedipine capsules were easily switched and 
controlled on PROCARDIA XL Extended Release Tablets at the nearest equivalent total 
daily dose; others needed dosage adjustment“ 


TITRATION SHOULD PROCEED AS CLINICALLY WARRANTED 
@ For full dosage instructions, see prescribing information 


References: 1. Gavras |, Mulinari R, Gavras H, et al: Antihypertensive effectiveness of the nifedipine gastrointestinal therapeutic system. Am J Med 1987;83(supp! 6B):20-23. 2. Frishman WH, 
Garofalo JL, Rothschild A: The nifedipine gastrointestinal therapeutic system in the treatment of hypertension. Am J Cardiol 1989:64(supp! to No. 11):65F-69F. 3. Vetrovec GW, Parker VE, Cole S, 
et al: Nifedipine gastrointestinal therapeutic system in stable angina pectoris: Results of a multicenter open-label crossover comparison with standard nifedipine. Am J Med 1987;83(suppl 


6B):24-29. 4. Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc, New York. 5. Chun 
therapeutic system: A controlled-release formulation of nifedipine. Am J Med 1987;83(supp! 6B):1 


system. Am J Med 1987;83(supp! 6B):3-9. 


9 M, Reitberg DP. Gaffney M, et al: Clinical pharmacokinetics of nifedipine gastrointestinal 


14. 6. Swanson DR, Barclay BL, Wong PSL, et al: Nifedipine gastrointestinal therapeutic 





Brief Summa 

PROCARDIA ripiedlpine) Extended Release Tablets 
CONTRAINDICATIONS: Known ay abe to to ninis. 
WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose 
fentanyl — to be due to the combination of nifedipine and a beta blocker, but the possibility that it "e occur with nifedipine son 
with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treat 
patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be aware of these potential problems 
ae if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior 
0 surgery. 

The following information should be taken into account in those patients who are being treated for hypertension as well as angina: 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
oase have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nifedi 
Beta 


For Oral Use 


ine or at the time of dosage increase. The mechanism of this effect is not established. Tay 

eta Blocker Withdrawal: It is important to taper beta blockers if possible, rather than stopping thom abruptly before beginning nifedi- 
pine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to 
nerone Lunny o catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 
repor increase it. ake 
Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning nifedipine. 
Patients with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be expected to be 
of less benefit to those patients, ony © their fixed impedance to flow across the aortic valve. ie 
PRECAUTIONS: Genera otension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recommended for 
a already taking medications that are known to lower blood pressure (See WARNINGS.) - E 

ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 
mately 10% to about 30% at the highest dose studied (180 mg). It is a localized phenomenon thought to be associated with vasodilation 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction. a td 

oratory Tests: Rare, uay transient, but occasionaiy significant elevations of enzymes such as alkaline hosphatage, CPK. LDH, 
SGOT, and SGPT have been nofed. The relationship to nifedipine mortars uncertain in most cases, but probable in some. These labora- 
tory abnormalities have rarely been associated with clinical Lae epee owever, cholestasis with or without jaundice has been reported. 
Asmall (5.4%) increase in mean alkaline phosphatase was noted in patients treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical symptoms and it rare y rested in values which fell outside the normal range. Rare instances of allergic hepatitis 
have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
patients receiving concomitant diuretics. a asd i i 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
thought to be l- -e of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has 

n demonstrated. 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory test, tan hemolysis, could not be determined. i 

Although nifedipine has been used Safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain 
cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency. 
The relationship to nifedipine therapy is uncertain in most cases but probable in some. i , 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patents with Procardia® capsules in a 
noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-blocking agents is usually well tolerated 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, 
severe hypotension, or exacerbation of angina. a PA l 

Long Acting Nitrates: Nifedipine may be Safely co-administered with nitrates, but there have been no controlled studies to evaluate the 
antianginal effectiveness of this combination. == l T i 

Digitalis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary arery disease. In an uncontrolled 
study of over two hundred patients with congestive heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization. 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) and area-under- 
the-curve (74%), after a one week Course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine produced smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, cautious titration is advised. 





Carcinogenesis, Mutagenesis, Impairment of Forsiy. Nifedipine was administered orally to rats, for two year and was not showr 
be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maxim 
recommended human dose. /n vivo mutagenicity studies were negative. NA j l ; 
Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when piven in doses 30 times the maxim 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forr 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommen 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas ¿ 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation ot prepnancy th 
are no adequate and well controlied studies in prognan women. PROCARDIA XL® (nifedipine) Extended Release Tablets should De u: 
during pre nancy oe the potential benefit justifies the potential risk to the fetus. 
ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablet: 
hypertension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side efi 
reported with PROCARDIA XL was edema which was dose related and ranged in equency from approdmataly 10% to about 30% at 
highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.€ 
compared to 9.8% placebo incidence), fatigue (5.9%, compared to 4.1% placebo nadene), dizziness (41%, compared to 4.5% placi 
incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3% a to 19% placebo incidence) 
these, ony edema and headache were more common in PROCARDIA XL patients than placebo patients. we 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidence of th 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations; cen 
nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; gastrointestinal: abdominal pi 
plier A ry maD. yn flatulence; musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspr 
urogenital: impotence, polyuria. , 

er adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: 1 

edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: arrhythmia, hypotension, increased angina, tachycar 
syncope: central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tren 
vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura; gastrointestinal: eructation, gastroesophageal reflux, g 
hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias; respiratory: coughing, epistaxis, up 
respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal lacrimation, abnormal vision, taste perversi 
tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia. <a f 

ee experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states 
medications. 

In se ape U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneou 
adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or oun adjustment. Most w 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: di 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); flushing, heat sensation (25%, compared to 
placebo incidence); headache (23%, comparso to 20% placebo incidence); weakness (12%, compared to 10% placebo incident 
nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo inciden 
peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incideni 
palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence); 
nasal congestion, sore throat (6%, compared to 8% placebo incidence). l ’ ; 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastir 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively comn 
adverse events were similar in nature to those seen with PROCARDIA XL. 

in addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in th 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances e 
occurred in fewer than 0.5% of patients. ap i P 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy the pattern and incidence of adve 
experiences was not different from that of the entire group of Procardia treated patients (See P CAUTIONS.) 

nasub rouo of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheac 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patie 
Syncope occurred in promn one patient in 250. Myocardial infarction or symptoms of congesive heart failure each occurre 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 150. 
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A lotally New Approach 


To Critical Care 
Arrhythmia Monitoring. 


The way most arrhythmia moni- 
toring systems work leaves a lot to 
be desired. By capturing and storing 
only arrhythmic events, important 
ECG information before 
and after the event is not 
available—forcing the 


Full-Disclosure clinician to make critical 
Arrhythm 1 al decisions based only upon 
For The isolated arrhythmias. 


Now, there is an alter- 


w CCU/Stepdown/ICU. native. It’s the SpaceLabs® 









































Full-Disclosure Arrhythmia 
System which provides 
full-disclosure multiple- 
lead ECG, without the need for a 
separate Holter recording. 

This system collects data 
directly from SpaceLabs PCMS 
patient monitors via SpaceLabs 
Ethernet” communications net- 
work and is fully compatible with 
SpaceLabs PCMS telemetry. 

By offering complete retrospec- 
tive data, full-disclosure arrhythmia 
serves as a powerful tool designed to 
assist you in making more informed, 
confident diagnoses and treatment 
decisions. Risks due to partial or 
incomplete information are elimi- 
nated. If desired, full-disclosure of 
all monitored parameters, such as 
blood pressures, respiration and 
EEan E end tidal CO, can be provided to 
correlate arrhythmic events with 
other physiological effects. 

Why risk knowing anything less? 


Gt) SpaceLabs 


The Clinical Information Company 


SpaceLabs, Inc., 4200 150th Avenue, N.E. 

PO. Box 97013, Redmond, WA 98073-9713 

(206) 882-3700 

13 Distribution worldwide: Offices in Munich, 

ARS KK AAA "a y London, Paris, Sydney © 1989, SpaceLabs, Inc. 
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Ethernet is a trademark of Xerox Corporation. 
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successful termination of tachycardia, absence of significant arrhythmias 
after conversion and unmasking of latent or intermittent preexcitation 
revealed that adenosine was satisfactory in all 20 patients, whereas vera- 
pamil was satisfactory in only 14 of the 20 patients (p <0.05). All 6 of the 
patients with unsatisfactory responses to verapamil had atrioventricular 
reentrant tachycardia. These results suggest that adenosine has particular 
advantages over verapamil as acute treatment for patients presenting with 
an atrioventricular reentrant tachycardia. 
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Efficacy and Safety of Flecainide Acetate in the Maintenance 
of Sinus Rhythm After Electrical Cardioversion of Chronic 
Atrial Fibrillation or Atrial Flutter 

Isabelle C. Van Gelder, Harry J.G.M. Crijns, Wiek H. Van Gilst, 

Leendert M. Van Wijk, Hans P.M. Hamer, and Kong I. Lie 
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We performed a randomized study of the efficacy and safety of flecainide 
in the maintenance of sinus rhythm after electrical cardioversion for 
chronic atrial fibrillation or atrial flutter in 81 patients. Multiple regres- 
sion analysis showed New York Heart Association classification class I for 
exercise tolerance (p = 0.0004) and flecainide treatment (p = 0.01 ) as the 
main factors increasing the arrhythmia-free episode. In the flecainide- 
treated group of patients 9% experienced side effects, mostly related to 
negative dromotropic effects. The incidence of ventricular proarrhythmia 
in this group of patients was low. Thus, flecainide may be useful in 
postponing arrhythmia recurrence, but caution should be exercised in 
$ patients with underlying conduction disturbances, sick sinus syndrome or 
E characteristics favoring development of ventricular proarrhythmia. 
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E Usefulness of Serial Pulmonary Function Testing as an 

a Indicator of Amiodarone Toxicity 

BF Jill A. Ohar, Farris Jackson, Jr., Robert M. Redd, Gregory R. Evans, and 
ks Carlos W. Bedrossian 


Amiodarone, 400 to 800 mg/day, was given to 189 patients who were 
rå followed an average of 2.5 years (340 patient-years). The incidence of 
F amiodarone-induced toxicity affecting all organ systems was determined, 
. and the association of abnormal pulmonary function tests to toxicity was 
3 assessed. The incidence of amiodarone-induced toxicity was 0.09 case/ 
By. patient-year, and the prevalence of amiodarone-induced toxicity was 15%. 
fi Sixty-nine percent of these toxic patients experienced pulmonary toxicity 
k either alone or in combination with other forms of toxicity. The proportion 
i of abnormal baseline pulmonary function tests was not significantly differ- 
pi ent among all toxic patients, pulmonary toxic patients and nontoxic pa- 
a tients. An evaluation of the decline in pulmonary function over time could 
not distinguish patients who developed toxicity from those who did not. 
We found no relation between pulmonary function tests and the develop- 
ment of toxicity. 


== si iniia” pile th onlin hl T= = 
* 4 R > R F> aii = og 


E Continued on page A48 


A44 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


LF TOTAL 


<39. 


Whats a common denominator 
of most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two-thirds of people 
who developed myocardial infarction in the PROCAM Trial had a 
low (<35 mg/dL) baseline level of HDL cholesterol 2 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL in the 


landmark Helsinki Heart Study (HHS)2 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of 
serious coronary events was similar for LOPID and placebo subgroups 
with baseline HDL above the median (464 mg/dL)3 


A powerful case for 


i | ) 600-m 
gemfibrozil ) serie’ 
RAISES HDL TO DRAMATICALLY REDUCE HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type Ilb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 

*Defined as a combination of definite coronary death and/or definite myocardial infarction. 

References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myocardial 
nfarction. | Clin Invest.. 1973:52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Munster Trial. Zurich: Panscientia Verlag; 1986:8-9 
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CLINICAL PHARMACOLOGY. Lopid (gemfibrozil capsules and tablets) is a lipid regulating 
agent which decreases serum AN gathers and very low density lipoprotein (VLDL) choles- 
terol, and increases high density lipoprotein (HDL) cholesterol. While modest decreases in 
total and low density lipoprotein (LDL) cholesterol may be observed with Lopid therapy, 
treatment of patients with elevated triglycerides due to Type IV de ral seid often 
results in a rise in LDL-cholesterol. LDL-cholesterol levels in Type Ib patients with elevations 
of both serum LDL-cholesterol and triglycerides are, in general, minimally affected by Lopid 
treatment; however, Lopid usually raises HDL-cholesterol significantly in this group. Lopid 
increases levels of high density lipoprotein (HDL) subfractions HDL, and HD J as well as 
apolipoproteins Al and All. Epidemiological studies have shown that both low HDL-choles- 
terol and high LDL-cholesterol are independent risk factors for coronary heart disease. 

in the Helsinki Heart Study, a large, randomized, double-blind, placebo-controlled, 
primary prevention trial in 4081 male patients between the ages of 40 and 55, Lopid therapy 
was associated with significant reductions in total plasma triglycerides and a significant 
increase in high density lipoprotein cholesterol. Moderate reductions in total plasma choles- 
terol and low density lipoprotein cholesterol were observed for the Lopid treatment group as 
a whole, but the lipid response was heterogeneous, especially among different Fredrickson 
Types. The study involved subjects with serum non-HDL-cholesterol of over 200 mg/dL and 
no previous history of coronary heart disease. Over the five-year study period, the Lopid 
group experienced a 34% reduction in serious coronary events (sudden cardiac deaths 
plus fatal and nonfatal myocardial Ora Meath arbi to Pope see There was a37% 
reduction in nonfatal myocardial infarction. The greatest reduction in the incidence of serious 
coronary events occurred in Type IIb patients who had elevations of both LDL-cholesterol 
and total plasma triglycerides. This subgroup of Type llb gemfibrozil group patients hada 
lower mean HDL-cholesterol level at baseline than the Type Ila subgroup that had elevations 
of LDL-cholesterol and normal plasma triglycerides. The mean increase in HDL-cholesterol 
among the Type IIb patients in this cei See 12.6% compared to placebo. It is not clear to 
what extent the findings of the Helsinki Heart Study can be extrapolated to other segments of 
the dyslipidemic population not studied or to other lipid-altering drugs. 

The mechanism of action has not been definitively established. In man, Lopid has been 
shown to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids, 
thus reducing hepatic triglyceride production. Lopid inhibits synthesis and increases clear- 
ance of VLDL carrier apolipoprotein B, leading to a decrease in VLDL production. 

Animal studies suggest that Lopid may, in addition to elevating HDL-cholesterol, reduce 
incorporation of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
and removal of cholesterol from the liver, and increase excretion of cholesterol in the feces. 

Lopid is well absorbed from the gastrointestinal tract after oral administration. Peak 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours following multiple 
doses. Plasma levels appear proportional to dose and do not demonstrate accumulation 
across time following multiple doses. 

Lopid mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
methyl and a carboxyl metabolite. Approximately seventy percent of the administered 
human dose is excreted in the urine, mostly as the glucuronide conjugate, with less than 2% 
excreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 
sr gael NS. 1. Hepatic or severe renal dysfunction, including primary biliary 
cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities between 
gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical studies 
may also apply to gemfibrozil. In the first of those studies, the Coronary Drug Project, 1000 
subjects with previous myocardial infarction were treated for five years with clofibrate. There 
was no difference in mortality between the clofibrate-treated subjects and 3000 placebo- 
treated subjects, but twice as many clofibrate-treated subjects developed cholelithiasis and 
cholecystitis requiring surgery. In the other study, conducted by the World Health Organi- 
zation (WHO), 5000 subjects without known coronary heart disease were treated with 
clofibrate for five years and followed one year beyond. There was a statistically significant, 
29%, higher total mortality in the clofibrate-treated than in a comparable placebo-treated 
control group. The excess mortality was due to a 33% increase in noncardiovascular causes, 
including malignancy, post-cholecystectomy complications, and pancreatitis. The higher risk 
of clofibrate-treated subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1¥2 year follow-up period since the trial was 
completed, mortality from any cause was 59 (2.9%) in the Lopid rue and 55 (2.7%) in the 
placebo group. Mortality from any cause during the double-blind portion of the study was 44 
deaths in the Lopid group and 43 in the placebo group. Because of the more limited size of 
the Helsinki Heart Study, this result is not statistically-significantly different from the 29% 
excess mortality seen in the clofibrate group in the separate WHO study. Noncoronary heart 
disease related mortality showed a 58% greater trend in the Lopid group (43 vs 27 patients 
in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the trial 
and in the 1⁄2 years since the trial was completed was 39 in the Lopid group and 29 in the 
placebo group (difference not statistically significant). This includes 5 basal cell carcinomas 
in the Lopid group and none in the placebo group (p=0.06; historical data predicted an 
expected 4.7 cases in the placebo group). GI malignancies and deaths from malignancies 
were not statistically different between Lopid and placebo subgroups. Follow-up of the 
Helsinki Heart Study participants will provide further information on cause-specific mortality 
and cancer morbidity. 

2. A gallstone prevalence substudy of 450 Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gallstones during the study within the Lopid treatment 
group (7.5% vs 4.9% for the placebo group, a 55% excess for the gemfibrozil group). A trend 
toward a greater incidence of gallbladder puny was observed for the Lopid group (17 vs 
11 subjects, a 54% excess). This result did not differ statistically from the increased inci- 
dence of cholecystectomy observed in the WHO study in the group treated with clofibrate. 
Both clofibrate and gemfibrozil may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected, gallbladder studies are indicated. Lopid therapy 
should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been demonstrated 
and because liver and interstitial cell testicular tumors were increased in rats, Lopid should 
be administered only to those patients described in the INDICATIONS AND USAGE section. 
If a significant serum lipid response is not obtained, Lopid should be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when npc ane are 
given in conjunction with Lopid. The dosage of the anticoagulant should be reduced to 
maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, leading 
in a high proportion of cases to acute renal failure. In most subjects who have had an 
unsatisfactory lipid response to either drug alone, the possible benefit of combined therapy 
with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyo- 
lysis, and acute renal failure (See Drug Interactions). The use of fibrates alone, including 
Lopid, may occasionally be associated with myositis. Patients receiving Lopid and complain- 
ing of muscle pain, tenderness, or weakness should have prompt medical evaluation for 
myositis, including serum creatine kinase level determination. If myositis is suspected or 
diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts— Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% of 
male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy—Laboratory studies should be done to ascertain that 
the lipid levels are consistently abnormal. Before instituting Lopid therapy, every attempt 
should be made to control serum lipids with appropriate diet, exercise, weight loss in obese 
patients, and control of any medical problems such as diabetes mellitus and hypothyroidism 
that are contributing to the igid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, and 


ae 


> 
aor 


ee ee 


sia Tia 


T 
> 


Py 


+ 


> i 


D 


+. 
+ 


7 iii FETE 


nA 


P 


ja 1 
y ká 
N 


Tee 


y 
aF 


E 
a 
p 
F, 





ae SRY (a 61k BS 
y a A. p x 
i 


MOTO TH Py 
a s ahi Fas : a 
a 

© 


Lopid? (Gemtibrozii Gapsules ana laoiets) ç — ~ mZ . 
the drug withdrawn if lipid response is inadequate after 3 months of therapy. , 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfactory 
lipid response to either drug alone, the possible benefit of combined therapy with lovastatin 
and gemfibrozil does not outweigh the risks of severe myopathy, rhabdomyolysis, and acute 
renal failure. There is no assurance that periodic monitoring of creatine kinase will prevent 
the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETE} 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT TH 
PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies have 
been conducted in rats and mice at one and ten times the human dose. The incidence of 
benign liver nodules and liver carcinomas was significantly increased in high dose male ral 
The incidence of liver carcinomas increased also in low dose males, but this increase was n 
statistically significant (p=0.1). In high dose female rats, there was a significant increase in 
the combined incidence of benign, and malignant liver neoplasms. In male and female mic 
there were no statistically significant differences from controls in the incidence of liver tumo 
but the doses tested were lower than those shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. : 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferatio! 
following Lopid administration to the male rat. An adequate study to test for peroxisome 

roliferation has not been done in humans but changes in peroxisome morphology have 
boon observed. Peroxisome proliferation has been shown to occur in humans with either o 
two other drugs of the fibrate class when liver biopsies were compared before and after 
treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 wee 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmittec 
to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. 
These studies have revealed no evidence of impaired fertility in females or harm to the fetu. 
due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed at the hig! 
dose levels. No significant malformations were found among almost 400 offspring from 36 
litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those patients 
where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gemfibrozil 
rats, a decision should be made whether to discontinue nursing or discontinue the drug, 
a into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell decreast 
have been observed in occasional patients following initiation of Lopid Oar: However, 
these levels stabilize during long-term administration. Rarely, severe anemia, leukopenia, 
thrombocytopenia, and bone marrow hypoplasia have been reported. Therefore, periodic 
blood counts are recommended during the first 12 months of Lopid administration. 

8. Liver Function —Abnormal liver function tests have been observed occasionally duri 
Lopid administration, including elevations of AST (SGOT), ALT (SGPT), LDH, bilirubin, and 
alkaline phosphatase. These are usually reversible when Lopid is discontinued. Therefore 
periodic liver function studies are recommended and Lopid therapy should be terminated 
abnormalities persist. 

9. Use in Children—Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In the double-blind controlled phase of the Helsinki Heart Study 
2046 patients received Lopid for up to 5 years. In that study, the following adverse reactior 
were statistically more frequent in subjects in the Lopid group (placebo incidence in parer 
theses): gastrointestinal reactions, 34.2% (23.8%); dyspepsia, 19.6% (11.9%); abdominal 
pain, 9.8% (5.6%); acute appendicitis, 1.2% (0.6%); atrial fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differenc 
between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); fatigue, 
3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% (1.3%); 
yorigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 

Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 64 
excess, which is not statistically different from the excess of gallbladder surgery observed 
the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the Lopid 
group. These included hypesthesia, paresthesias, and taste perversion. Other adverse 
reactions that were more common among Lopid treatment group subjects but where a 
causal relationship was not established include cataracts, peripheral vascular disease, an 
intracerebral hemorrhage. 

From other studies it seems probable that wep is causally related to the occurrence of 
musculoskeletal symptoms (See WARNINGS), and to abnormal liver function tests a 
hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) w 
more common in gemfibrozil treated patients in other controlled clinical trials of 805 patier 

Additional adverse reactions that have been reported for gemfibrozil are listed below by 
system. These are categorized according to whether a causal relationship to treatment wil 
Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Ner 
vous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased libido, 
depression, headache; Eye: blurred vision; Genitourinary: impotence; Musculoskeletal: 
mYOpE N myasthenia, myalgia, painful extremities, hiir ar synovitis, rhabdomyolysis 
(see WARNINGS and Drug Interactions under PRECAUTIONS); Clinical Laboratory: 
increased creatine phosphokinase, increased bilirubin, increased liver transaminases (AS 
SGOT], ALT [SGPT]), increased alkaline phosphatase; Hematopoietic: anemia, leukopen 
ne marrow hypoplasia, eosinophilia; /mmunologic: angioedema, laryngeal edema, 
urticaria; Integumentary: exfoliative dermatitis, rash, dermatitis, pruritus. 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystol 
Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confusion, conv 
sions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; Clinical Labor 
tory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; Immunologic: 
anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 

GE AND ADMINISTRATION. The recommended dose for adults is 1200 mg admii 
tered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of overdosage, 
symptomatic supportive measures should be taken should it occur. 


References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary prevention 
trial with gemfibrozil in middle-aged men with dyslipidemia. N Engi J Med 1987;317:1237-12 
2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline in the incidence of 
coronary heart disease in the Helsinki Heart Study. JAMA 1988; 260:641-651. 

3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of chylomicron 
metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited Disease, 5th e 
McGraw-Hill, 1983, Chap. 30, pp. 622-642. 


Caution — Federal law prohibits dispensing without prescription. 
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Operative Therapy of Atrioventricular Reentry and Results of 
an Anatomically Guided Procedure 

Osamu Fujimura, Gerard M. Guiraudon, Raymond Yee, Arjun D. Sharma, 
and George J. Klein 


Operative therapy for atrioventricular (AV) node reentrant tachycardia 
consisting of dissection guided by anatomic landmarks in 21 patients is 
described. Under normothermic cardiopulmonary bypass, perinodal dis- 
section was performed guided by anatomic landmarks. Seven to 10 days 
postoperatively, all patients had normal AV conduction except for one 
who continued to have AV node Wenckebach-type block. Postoperatively, 
shortest cycle length capable of 1:1 conduction over the AV node changed 
from 323 + 66 to 421 + 90 ms (p <0.0001 ) anterogradely and from 330 + 
86 to 449 + 164 ms (p = 0.004) retrogradely. Discontinuous AV conduc- 
tion curves were no longer seen in 14 of 17 patients and 5 lost retrograde 
conduction. During follow-up (14.8 + 8.2 months), 19 patients have been 
arrhythmia free. Two patients required reoperation and no patient re- 
quired a permanent pacemaker. Successful cure of AV node reentrant 
tachycardia with perinodal dissection while preserving AV node conduc- 
tion supports the view that the reentrant circuit is, at least in part, peri- 
nodal. 
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Univariate Genetic Analysis of Blood Pressure in Children 

(The Medical College of Virginia Twin Study) 

Richard M. Schieken, Lindon J. Eaves, John K. Hewitt, Michael Mosteller, 
Joann N. Bodurtha, William B. Moskowitz, and Walter E. Nance 


We studied 251 eleven-year-old twin pairs to measure the relative contri- 
butions of genetic, individual environmental and shared environmental 
effects on the variance of blood pressure and heart rate. In boys and girls, 
sex-specific genetic effects control systolic blood pressure. For diastolic 
blood pressure the magnitudes of genetic effects are different in boys and 
girls; heart rate regulation was similar in both sexes. 


CONGESTIVE HEART FAILURE 
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Ability of Left Ventricular Stress-Shortening Relations, End- 
Systolic Stress/Volume Ratio and Indirect Indexes to Detect 
Severe Contractile Failure in Ischemic or Idiopathic Dilated 
Cardiomyopathy 

Mary J. Roman, Richard B. Devereux, and Robert J. Cody 


The ability of several proposed noninvasive indexes of left ventricular 
systolic performance and contractility to identify depressed function was 
evaluated in 42 patients with refractory dilated cardiomyopathy, 88% of 
whom died at a median interval of 16 months after study. Contractility 


Continued on page A53 
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3 al ype Nsio Am J Med 1983: EAP De ‘a Koch G: Haemodynamic adaptation at 

rest an i du ee ge to long-term antihypertensive treatment with combined alpha- and beta- 

se ‘adrenoreceptor blockade by labetalol. Br Heart J 1979:41(2):192-198. 3. Wallin JD: Antihypertensives 
and their impact on renal function. Am J Med 1983;75(supp! 4A):103-108. 4. Pedersen EB, Larsen JS: 

— Effect of propranolol and labetalol on renal haemodynamics at rest and during exercise in essential 

_ hypertension. Postgrad Med J 1980;56(suppl 2):27-32. 5. Malini PL. Strocchi E, Negroni S, et al: 

~ Renal haemodynamics after chronic treatment with labetalol and propranolol. Br J Clin Pharmacol 

-1982:13(suppl 1):123S-126S. 


Trandate” Tablets 
(labetalol hydrochloride) 
The following is a brief summary only. Before prescribing, see complete prescribing information in 
Trandate* Tablets product labeling. 
~ CONTRAINDICATIONS: Trandate® Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
ure. greater-than-first-degree heart block, cardiogenic shock. and severe bradycardia (see WARN- 
INGS). 
WARNINGS: Hepatic Injury: Severe hepatocellular injury, confirmed by rechallenge in at least one 
case, occurs rarely with labetalol therapy. The hepatic injury is usually reversible. but hepatic necrosis 
and death have been reported. Injury has occurred after both short- and long-term treatment and 
__ may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
be done at the first symptom/sign of liver dysfunction (eg, pruritus, dark urine, persistent anorexia, 
_ jaundice, right upper quadrant tenderness, or unexplained “flu-like” symptoms). If the patient has 
_ laboratory evidence of liver injury or jaundice, labetalol should be stopped and not restarted. 
Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 
gestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 
congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with a history 
of heart failure who are well compensated. Congestive heart failure has been observed in patients 
receiving labetalol HCI. Labetalol HC! does not abolish the inotropic action of digitalis on heart 
muscle. 
In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, continued 
depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 
lead to cardiac failure. At the first sign or symptom of impending cardiac failure. patients should be 
fully digitalized and/or be given a diuretic, and the response should be observed closely. If cardiac 
failure continues despite adequate digitalization and diuretic, Trandate? therapy should be withdrawn 
(gradually, if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetalol HC! discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 
continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
dosage should be gradually reduced over a period of one to two weeks and the patient should be 
Carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 


BRIEF SUMMARY 


for the management of unstable angina should be taken. Patients should be warned against interrup- 


tion or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue Trandate therapy abruptly 
even in patients treated only for hypertension. 
Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
disease should, in general, not receive beta-blockers. Trandate may be used with caution, however. 
in patients who do not respond to. or cannot tolerate, other antihypertensive agents. It is prudent, if 
_ Trandate is used. to use the smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized. 
Pheochromocytoma: Labetalol HC! has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
responses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
tering labetalol HCI to patients with pheochromocytoma. 
Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta- -blocking therapy before major sur- 
gery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
ity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
PREC Interactions). 
__ PRECAUTIONS: General: Impaired Hepatic Function: Trandate* Tablets should be used with caution In 
patients with impaired hepatic function since metabolism of the drug may be diminished. 

or Hepatic Dysfunction: (see WARNINGS). 

-Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 


Of this medication. Itis not a disclosure of all possible adverse or intended effects. While no incidence 


of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
-labetalol HCI, dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 


= Cian’s advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 


symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS). Also. transient 
scalp tingling may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
REACTIONS). 

__ Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 

= be observed over regular intervals. In patients with concomitant illnesses, such as impaired renal 
function, appropriate tests should be done to monitor these conditions. 

Drug Interactions: In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
-The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 


= explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 


Special care should be used in establishing the dose required for blood pressure control in such 
patients. 
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ate” (labetalol hydrochloride) Tablets 


Drug/Laboratory Test Interactions: The presence af labetalol metabolites in the urine may AEE 
falsely elevated levels of urinary catecholamines, metanephrine, normetanephrine, and vanillyiman 
delic acid when measured by fluorimetric or photometric methods. In screening patients suspected 
having a pheochromocytoma and being treated with labetalol HCI, a specific method, such as a hig 
performance liquid chromatographic assay with solid phase extraction (eg, J Chromatogr 385: 
241.1987) should be employed in determining levels of catecholamines. 

Labetalol HCI has also been reported to produce a false-positive test for amphetamine when 
screening urine for the presence of drugs using the commercially available assay methods Toxi-Lab A’ 
(thin-layer chromatographic assay) and Emit-d.a.u.* (radioenzymatic assay). When patients being 
treated with labetalol have a positive urine test for amphetamine using these techniques, confirmati 
should be made by using more specific methods, such as a gas chromatographic-mass spectrome 
technique. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HC! using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum reco 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD 
teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetalol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of tw: 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to aff 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months’ duration, discontinuation of Trandate 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist led to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter, controlled clinical trials over tre: 
ment periods of three and four months. The rates, which ranged from less than 1% to 5% except as 
otherwise noted. are based on adverse reactions considered probably drug-related by the investiga 
tor. If all reports are considered, the rates are somewhat higher (eg. dizziness, 20%; nausea, 14%: 
fatigue, 11%). 

Body as a Whole: Fatigue. asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspe; 
sia. diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia, drowsiness. Autonomic Nervous System: Nasal stuffiness, ejaculation failure, impo- 
tence, increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie, a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other cont 
indications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hyperte! 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigui 
nausea, vomiting, dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension, including, rarely, syncope. Centi 
and Peripheral Nervous Systems: Paresthesia, most frequently described as scalp tingling. In mos' 
cases, it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus, positive antinuclear factor. Eyes: Dry eyes. Immunological 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 
Static jaundice, elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myop. 
Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as gene 
alized maculopapular, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema; 
Peyronie's disease; reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported wit 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro 
gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: Intensification of A-V block (see CONTRAINDICA- 
TIONS). Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 
Hematologic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 
nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associate 
with the beta-blocker practolol has not been reported with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full pr 
scribing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos 
age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days 
using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice daily. Before use, see complete prescribing information for dosage details. 


Synergism has been shown between halothane anesthesia and intravenously administered labetalol April 19 
~ HCl. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
_ concentrations (3% or above) of halothane should not be used because the degree of hypotension will 
be increased and because of the possibility of a large reduction in cardiac output and an increase in 
central venous pressure. The anesthesiologist should be informed when a patient is receiving 
= Allen & Hanbu 
Labetalo! HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- en an urys” 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional DIVISION OF GLAXO INC. 
antihypertensive effects may occur. Research Triangle Park, NC 27709 
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was Classified as depressed in 86% of patients using the end-systolic stress jf 
end-systolic volume index ratio and in 74% using the relation between 
fractional shortening and end-systolic stress. Correction of fractional 
shortening for preload and heart rate effects by use of the velocity of 
circumferential shortening and rate-corrected velocity of circumferential 
shortening resulted in identification of only 17 and 38%, respectively, of 
patients as having depressed contractility. Thus, relatively simple direct 
echocardiographic indexes appear useful in identifying severe, prognosti- 
cally important left ventricular dysfunction, whereas methods that correct 
for preload and heart rate in normal subjects result in artifactual normal- 
ization of function in the majority of patients with dilated cardiomyopa- 
thy. 


EORR ete a a he Bl Bay ete ie AS Bowie i 
Long-Term Predictors of Sudden and Low Output Death in 
Chronic Congestive Heart Failure Secondary to Coronary 
Artery Disease 

Howard A. Rockman, Carl Juneau, Kanu Chatterjee, and 

Jean-Lucien Rouleau 


Clinical, hemodynamic and neurohumoral variables in 238 patients with 
chronic congestive heart failure secondary to coronary artery disease were 
analyzed to determine potential predictors of mortality. Baseline plasma 
renin activity was the most important determinant of death in all patients 
(p <0.001). When subdivided by cause of cardiovascular death, baseline 
plasma renin activity was retained as the most important determinant of 
low output death (p <0.001), while baseline left ventricular stroke work 
index (p <0.001), pulmonary capillary wedge pressure (p <0.002) and 
the absence of sinus rhythm (p <0.006) were the most powerful indepen- 
dent predictors of sudden death. Baseline norepinephrine level was not 
found to be an important independent predictor of mortality in any of the 
subgroups. 


VALVULAR HEART DISEASE 


1349 
Quantitation and Significance of Systolic Mitral Leaflet 
Displacement in Mitral Valve Prolapse 

Anthony J. Sanfilippo, Hoshiar Abdollah, and Gary W. Burggraf 





Superior systolic displacement of the mitral leaflets is the generally ac- 
cepted echocardiographic manifestation of mitral valve prolapse, but the 
high frequency of this finding has brought its clinical significance into 
doubt. To identify those patients truly at risk for complications, we deter- 
mined markers of severity of displacement in a group of patients with 
mitral valve prolapse, and then compared the incidence of ventricular 
arrhythmia and mitral regurgitation prospectively with a group of normal 
subjects. Both ventricular arrhythmia and mitral regurgitation were sig- 
nificantly more common in the prolapse patients. Importantly, these find- 
ings were found to occur predominantly in a subgroup of prolapse patients 
characterized by quantitatively greater degrees of displacement and leaf- 
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las displacement that could be imagec qultiple 
orthogonal echoca rdiographic: views. These findings provide evidence to i 
— help interpret the significance of echocardiographic mitral leaflet dis- 
E placement and therefore identify patients truly at risk for abnormality. 
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intermediate-Term Follow-Up Results of Balloon Aortic 
Valvuloplasty in infants and Children with Special 

Reference to Causes of Restenosis 

P. Syamasundar Rao, Mohinder K. Thapar, Allen D. Wilson, Jay M. Levy, 
and Paramjeet S. Chopra 





_ The intermediate-term results of balloon aortic valvuloplasty were docu- 
mented and causes of recurrence were investigated. Sixteen consecutive 
infants and children underwent balloon aortic valvuloplasty with resultant 
reduction of aortic valve gradient from 72 + 21 (mean + standard devi- 
ation) to 28 + 13 mm Hg. At follow-up 12 months later (mean) the 
gradient was 37 + 23 mm Hg. Based on individual results, they were 
divided into group I with good results (gradient <49 mm Hg), 12 patients, 
and group II with poor results (gradient 250 mm Hg), 4 patients. Seven- 
teen variables were examined by a multivariate logistic regression analysis 
to identify factors associated with restenosis; the risk factors were: age <3 
years and aortic gradient immediately after valvuloplasty 230 mm Hg. 
The intermediate-term results of balloon aortic valvuloplasty are good and 
the reduction of immediate postballoon gradients to <30 mm Hg may 
prevent recurrence. 
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Effect of Exercise and Cavity Size on Right Ventricular — 
Function in Morbid Obesity 

Martin A. Alpert, Amolak Singh, Boyd E. Terry, Diana L. Kelly, 

M.S. Sharaf El-Deane, Vaskar Mukerji, Daniel Villarreal, and Andre K. Artis 





To assess the effect of exercise and to determine the influence of the right 
ventricular (RV) internal dimension on RV systolic function in morbid 
obesity, M-mode and 2-dimensional echocardiography and radionuclide 

| ventriculography were performed in 22 patients whose body weight was at 
least twice ideal body weight. There was significant negative correlation 
between percent over ideal body weight and RV exercise response (exer- 
cise-induced change in RV ejection fraction) and between RV internal 
dimension and RV exercise response. The subgroup with a high-normal or 
enlarged RV internal dimension (22.0 cm) experienced no significant 
change in RV ejection fraction with exercise, whereas the subgroup whose 
_RV internal dimension was <2.0 cm experienced a significant increase in 
RV ejection with exercise. The results suggest that RV dilatation may 
predispose to RV systolic dysfunction and that assessment of RV systolic 

p oa should topna n include evaluation of RV exercise mpo, 
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jective (cardioselective) blocking agent. 
IN: TENORMIN (atenolol), a synthetic, beta,-selective (cardioselective) adrenoreceptor 
ent, may be chemically described as benzeneacetamide, 4-[2’-hydroxy-3’-[{t-methy!- 


ATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of 
on. It may be used alone or concomitantly with other antihypertensive agents, particularly 
ide-type diuretic. 
Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 
f patients with angina pectoris. 
TIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 
„cardiogenic shock, and overt cardiac failure. (See WARNINGS.) 
rdiac Fallure: Sympathetic stimulation is necessary in supporting circulatory 
gestive heart failure, and beta blockade carries the potential hazard of further 
yocardial contractility and precipitating more severe failure. in hypertensive patients who 
ve heart failure controlled by digitalis and diuretics. TENORMIN should be administered 
h digitalis and atenolol slow AV conduction. 
Without a History of Cardiac Failure: Continued depression of the myocardium with 
g agents over a period of time can, in some cases, lead to cardiac failure. At the first sign 
impending cardiac failure. patients should be fully digitalized and/or be given a 
the response observed closely. If cardiac failure continues despite adequate digitali- 
iuresis, TENORMIN should be withdrawn. (See Dosage and Administration.) 


ation of ice With TENORMIN: Patients with coronary artery disease, who are being 
with TENORMIN, should be advised against abrupt discontinuation of therapy. Severe 
ion of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
sported in angina patients following the abrupt discontinuation of therapy with other 
fs. The last two complications may occur with or without preceding exacerbation of 
s. To date, there has been no report of myocardial infarction or severe angina 
‘of TENORMIN, probably due to its long plasma half-life. Because of the 
ntered with other beta blockers, when discontinuation of TENORMIN is planned. 
d be carefully observed and advised to limit physical activity to a minimum. Hf 
sor acute coronary insufficiency develops, it is recommended that 
ptiy reinstituted, at least temporarily. (See Dosage and Administration.) 


















































































if dosage 
dered in order to achieve lower peak 


and Major y4: As with all beta-receptor blocking drugs it may be decided to 
MAIN before surgery. In this case, 48 hours should be allowed to elapse between the 
thesia. if treatment is continued. care should be taken when using anesthetic 
s the myocardium such as ether, cyclopropane. and trichioroethylene. 
ther beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
an be reversed by administration of such agents (eg. dobutamine or isoproterenol 
ction on Overdosage). Manifestations of excessive vagal tone (eg, profound 
ension) noy oe? corrected with atropine (1-2 mg FV). 
: TENORMIN should be used with caution in diabetic patients ita 
ntis required. Beta biockers may mask tachycardia occurring with hypoglycemia, 
Stations such as dizziness and sweating may not be significantly affected. 
not potentiate insulin-induced hypoglycemia and. unlike nonselective beta 
‘fot delay recovery of blood glucose to normal levels. 
pele: Beta-adrenergic blockade may mask certain clinical signs (eg. tachycardia) of 
\brupt withdrawal of beta blockade might precipitate a thyroid storm; therefore, 
of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
\Onitored closely, (See Dosage and Administration.) 

impaired Renal Function: The drug should be used with caution in patients with 
ction. (See Dosage and Administration.) 
1s: Catechoiamine-depieting drugs (eg. reserpine) may have an additive effect 
ta-biocking agents. Patients treated with TENORMIN plus a catecholamine 
lator she erefore be closely observed for evidence of hypotension and/or marked 

ardia which may produce. vertigo, syncope. or postural hypotension. 

ecided to discontinue therapy in patients receiving beta blockers and clonidine 
+e peta blocker should be discontinued several days before the gradual withdrawal of 


sis, Mutagenesis, Impairment of Fertility: Two long-term (maximum dosing duration 
ths) rat studies and one long-term (maximum dosing duration of 18 months) mouse 
loying dose levels as high as 300 mg/kg/day or 150 times the maximum 
uman dose. did not indicate a carcinogenic potential in rodents. Results of various 
city Studies support this finding. 
of rnale or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
laximnum recommended human dose) was unaffected by atenolol administration. 
Animal Toxicology: Chronic studies performed in animals have revealed the occurrence of 
tion of epithelial celis of Brunner's glands in the duodenum of both male and female dogs at ail 
‘levels of atenciol (starting at 15 mg/kg/day or 7.5 times (he maximum recommended 
nd.increased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
loi/kq/day (150 and 75 times the maximum recommended human dose, respectively). 
ANCY: Pregnancy Category C. Atenolol has been shown to produce a dose- 
-embryo/fetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
35 the maximum recommended human dose. Although similar effects were nol seen in 
mpound was not evaluated in rabbits at doses above 25 mg/kg/day ar 12.5 times the 
ended human dose. There are no adequate and well-controlled studies in pregnant 
shouldbe used during pregnancy only if the potential benefit justifies the 















Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8. when compared 
jon in plasma. Caution should be exercised when TENORMIN is administered to a 


Safely and effectiveness in children have not been established. 


“were derived from controlled: 


ADVERSE 












hecklis! {föreg st s} 
effects was higher for both TENORMIN {atenolol} and pla 
reactions were volunteered. Where frequency ol adverse effe 
causa! relationship to TENORMIN is uncertain. ry 


(US studies) of elicited, eg 






The following adverse-reaction data present frequency estimates in terms of percentages: first ft 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered a 
elicited side effects): 3 

US STUDIES (% ATENOLOL-% PLACEBO): ine 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%). postural hypotension 
(2% -1%), leg pain (0%-0.5% l 

CENTRAL NERVOUS SYSTEM/ NEUROMUSCULAR: dizziness (4%-1%). vertigo (2%-0.5%), 
lightheadedness (1%-0%). tiredness (0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%}), drowsiness 
{6 6%-0%). depression (0. 6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%). dvspnea (0. 6%-1%} 

TOTALS US AND FOREIGN STUDIES: 

CARDIOVASCULAR: bradycardia (8%-0%), cold extremities (12%-5%), postural hypotension 
(4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/ NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), 
fightheadedness (3%-0.7%), tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsine 
{2%-0.5%), depression (12%-9%), dreaming (3%-1%) 

GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%}, dyspnea (6%-4%) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the 
of beta-adrenergic blocking drugs. The reported incidence is small and. in most cases, the sympk 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if ¢ 
such reaction is not otherwise explicable. Patients should be closely monitored following Cessatior 


therapy. 
POTENTIAL ADVERSE EFFECTS: in addition. a variety of adverse effects have been reported wi 
ONO a renergic blocking agents, and may be considered potential adverse effects ol 

N IN. 

HEMATOLOGIC: Agranulocytosis, nonthrombocytepenic purpura, thrombocytopenic purpura. 

ALLERGIC: Fever, combined with aching and sore throat, laryngospasm, and respiratory distres 

CENTRAL NERVOUS SYSTEM. Reversible mental depression progressing to catatonia, visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of time 
and place. short-term memory joss, emotional lability with slightly clouded sensorium, decreased 
performance on neuropsychometrics. 

GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis. 

OTHER: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

MISCELLANEOUS: The-oculomucocutaneous syndrome associated with the beta blocker pract 
has not been reported with TENORMIN during investigational use and foreign marketing experien 
Furthermore, a number of patients who had previously demonstrated established practoiol reactio 
were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 
OVERDOSAGE: To date, there is no known case of acute overdosage. and no specific information 
emergency treatment of overdosage is available. The most common effects expected with overdo: 
of a beta-adrenergic biocking agent are bradycardia, congestive heart failure. hypotension. 
bronchospasm, and hypoglycemia. 

in the case of overdosage, treatment with TENORMIN should be stopped and the patient carefu 
observed. TENORMIN can be removed fram the general circulation by hemodialysis. In addition tc 
gastric lavage. the following therapeutic measures are suggested if warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacernak 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoprotere 
or norepinephrine may be useful in addition to atropine and digitalis. 

BRONCHOSPASM. Aminophyiline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 
DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given 
one tablet a day either alone or added to diuretic therapy. The full effect of this dose will usuaily be 
seen within 1 to 2 weeks. If an optimal response is not achieved, the dosage should be increased | 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unit 
to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-type diuretics. hydralazine, prazosin, and aipha-methyidopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. H an optime 
response is not achieved within t week. the dosage should be increased to TENORMIN 100 mg gr 
as one tablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect. 

Twenty-four-hour contro! with once-daily dosing is achieved by giving doses larger than necess 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occurs 
with doses of 50 to 100 mg. but at these doses the effect at 24 hours is attenuated, averaging aboi 
50% to 75% of that observed with once-a-day orai doses of 200 mg. 

Patients with Renal impairment: Since TENORMIN is excreted via the kidneys, dosage 
should be adjusted in cases of severe impairment of renal function, No significant accumulation o 
TENORMIN occurs until creatinine clearance falls below 35 mL/min? 1.73 m? (normal range is 
100-150 mL/min/1.73 m2}, therefore, the following maximum dosages are recommended 
for patients with renal impaitment: 


Creatinine Clearance Atencio! 
(mLimin/1.73 m?) Elimination Half-life (h) Maximum Dosagi 
15-35 16-27 50 mg daily 
<15 >27 50 mg every othe 


Patients on hemodialysis shouid be given 50 mg alter each dialysis. this should be done under 
hospital supervision as marked falls in blood pressure can occur. l 

Cessation of Therapy: !f withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually over a period of about 2 weeks. Patients should be carefully observed and advised to lir 


physical aay o a minimum. 
HOW SUPPLIED: Tablets of 50 mg atenolol, NOC 0310-0105 (round. flat. uncoated white tablets 
identified with ICt debossed on one side and 105 debossed on the other side. bisected) are supp 
in botties of 100 tablets and unit-dose p ckages of 100 tablets. f , 

Tablets of 100 mg atenolol, NDC 0310-0107 (round. flat, uncoated white tablets identified with IC 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets . 
unit-dose packages of 100 tabiets. 

Protect from heat, light, and morsture. A 

Ff 


References: 1. Quyyumi AA, Crake T, Wright CM, et al: Medical treatment of patients with severe 
exertional and rest angina: Double blind comparison of beta blocker, calcium antagonist, and nit 
Br Heart J 1987:57:501-511. 2, Findiay IN, Dargie HJ: The effects of nifedipine, atenolol and that 
combination on teft ventricular function. Postgrad Med J 1983:59 supp! 2):.70-73. 3. Schwartz JB: 
Atenolol in the treatment of angina: Once daily cardioselective B-biockade for angina pectons. Dr 
1983.25(supp! 2): 160-165. 
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ee colleagues review the book — 


.concise and finely edited. The discussions are a 
a. and to the point. . . .the book can be. 
read from both a generalist’s and specialist's a8 
perspective... .to convey ‘what really matters’ to 
a practicing physician.. . . (who manages) oe 
everyday problems seen in clinical practice.” 
—Annals of Internal Medicine 


.. find information easily and. . quickly. . 
should gas a place in every clinician's 
office. . 

—The New England Journal of Medicine 
(First Edition review) 


“Features that distinguish this book from others _ 
in the field include the pragmatic orientation. . . 
the range of coverage (and). ..the organization in 
bite-sized topics. . 


~—Journal of the Ameriean Medical Association: 

























Order toll-free 1-800-366-BOOK (First Edition review) 

As k for Operator 7Y By focusing on the clinical side of day-to-day 
Outside U.S. call 617-438-8464 practice, using a problem-oriented approach, 

Eastern Standard Time 9:00-4:30 providing standardized headings under each 


disease or disorder, and covering both general _ 
and internal medicine, Medicine for the TE 
Physician, Second Edition is a truly useful desk 
reference, designed to be used frequently. 


1988 409-95176-5 1857 pp. $95.00 
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Prospective Doppler Echocardiographic Evaluation of 
Pulmonary Artery Diastolic Pressure in the Medical Intensive 
Care Unit 

Richard T. Lee, Christopher P. Lord, Ted Plappert, and- 

Martin St. John Sutton 














































Doppler echocardiographic studies were performed immediately before 
bedside pulmonary artery (PA) catheterization in 29 medical intensive 
care unit patients. In 17 of the 29 patients (59%), the gradient between the 
right ventricle and pulmonary artery at end-diastole could be calculated 
using the simplified Bernoulli equation. A noninvasive estimate of PA 
diastolic pressure was made by adding the clinical estimate of right atrial 
pressure to the end-diastolic pressure gradient across the pulmonary valve. 
The PA diastolic pressure estimated by Doppler echocardiography corre- 
lated closely with that found at catheterization (r = 0.94, mean absolute 
difference 3.3 mm Hg). The noninvasive estimate of PA diastolic pressure 
also correlated with the PA wedge pressure (r = 0.87, mean absolute 
difference 3.8 mm Hg). Therefore, in 59% of medical intensive care unit 
patients, Doppler echocardiographic evaluation of pulmonary regurgita- 
tion allowed accurate noninvasive estimation of PA diastolic pressure. 























EDITORIAL 








1371 = 
Generic Substitution of Antiarrhythmic Drugs 
Paul E. Nolan, Jr. 











BRIEF REPORTS 








1374 
Frequency of Symptoms Suggestive of Dynamic Coronary 
Artery Disease in Patients Referred for Coronary Angiography 
Richard W. Nesto, Stuart W. Zarich, Glen J. Kowalchuk, 

Aaron E. Kenigsberg, Scott W. Shurmur, and Lawrence S. McAuliffe 
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Influence of Cardiac Pacing Mode on the Long-Term 
Development of Atrial Fibrillation 
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(nicardipine HC!) 


*CARDENE does, however, have a negative inotropic effect in some patients with severe left 
ventricular dysfunction and could, in patients with very impaired function, lead to worsened failure. 
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decreases NTG consumption. 
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Reduces total peripheral resistance. Long- 
term efficacy demonstrated in a two-year 
clinical study.’ 
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Does not reduce cardiac output? and is not commonly associated with 
orthostasis, constipation and impotence.* Efficacy and tolerability 
similar in younger and older patients. 


EFFECTS OF VARIOUS CALCIUM ANTAGONISTS? 
-CARDENE Nifedipine Diltiazem Verapamil 


aE 
VASOSELECTIVITY ++++ ae aL + 0 


RELAXES Systemic 
THE Vasodilation 


chs nN ma ssDDCnnIeeOnO 
VESEL Vasodilatory 
Side Effects 


E 


WITHOUT Myocardial 
REDUCING Depression 


HEPSI o oan eres 
CARDIAC 


OUTPUT Blocks AV 
Conduction 


SARA a S SS 


Nonvascular 
Smooth Muscle 
Side Effects 


Safe for 
Concomitant Use 
w/B-blockers +++ 


Values are based on a scale from0 to ++++, where 0= least and ++++=most. 
*Particularly, constipation in the elderly. Adapted from Pepine? 


tDue to peak/trough variability with CARDENE, it is consistent with.good medical practice to measure 
blood pressure at trough (8 hours after dosing | and at peak {1—2 hours after dosing). During clinical trials, 


peak effects of CARDENE were not associated with increased side effects. With CARDENE treatment, Ca a ® 
blood pressures were significantly reduced throughout the dosing interval compared to placebo. r ene 


+Most common side effects include flushing, headache, dizziness and pedal edema. | nicar dipine HCI ) 


' Relaxes the vessels without 
Please see brief summary of prescribing information on last page of this advertisement. reducing cardiac output 
$ 





nicardipine HCI 


Relaxes the vessels without 
reducing cardiac output 


Priced less than many 
competitive therapies 


Over two billion 
patient days 

of experience 
worldwide 


Brief Summary 


(nicardipine HCI) 


Capsules For oral use 
MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle with- 
out changing serum calcium concentrations. The contrac- 
tile processes of cardiac muscle and vascular smooth 
muscle are dependent upon the movement of extracellular 
calcium ions into these cells through specific ion channels. 
The effects of CARDENE are more selective to vascular 
smooth muscle than cardiac muscle. In animal models, 
CARDENE produces relaxation of coronary vascular smooth 
muscle at drug levels which cause little or no negative 
inotropic effect. 


CONTRAINDICATIONS: Patients with hypersensitivity 
to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contrain- 
dicated in patients with advanced aortic stenosis. 


WARNINGS: Increased Angina: About 7% of patients in 
short term placebo-controlled angina trials have developed 
increased frequency, duration or severity of angina on start- 
ing CARDENE or at the time of dosage increases, compared 
with 4% of patients on placebo. Comparisons with beta- 
blockers also show a greater frequency of increased angina, 
4% vs 1%. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: Although 
preliminary hemodynamic studies in patients with conges- 
tive heart failure have shown that CARDENE reduced afterload 
without impairing myocardial contractility, it has a negative 
inotropic effect in vitro and in some patients. Caution should 
be exercised when using the drug in congestive heart failure 
patients, particularly in combination with a beta-blocker. 


Beta-Blocker Withdrawal: CARDENE is not a beta- 
blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal: any such withdrawal should 
be by gradual reduction of the dose of beta-blocker, prefer- 
ably over 8-10 days. 


PRECAUTIONS: General: Blood Pressure: 

Careful monitoring of blood pressure during the initial 
administration and titration of CARDENE is suggested. 
CARDENE may occasionally produce symptomatic hypo- 
tension. Caution is advised to avoid systemic hypotension 
when administering the drug to patients who have sus- 
tained an acute cerebral infarction or hemorrhage. Because 
of prominent effects at the time of peak blood levels, initial 
titration should be performed with measurements of blood 


References: 

1. Murray TS, Langan J, Coxhead PF Levinson N. Long-term 
effects of nicardipine in the treatment of essential 
hypertension. Br J Clin Pharmac. 1986:22:249S-2575. 

2. Data available on request from Syntex Laboratories, Inc., 
Document #C-006. 
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pressure at trough (just before the next dose) and at peak 
effect (1-2 hours after dosing). 

Use in patients with impaired hepatic func- 

tion: The drug should be used with caution in patients 
having impaired liver function or reduced hepatic blood 
flow. Patients with severe liver disease developed elevated 
blood levels (4-fold increase in AUC) and prolonged half- 
life (19 hours) of CARDENE. 


Use in patients with impaired renal function: Mean plasma 
concentrations, AUC, and Cmax were approximately 2-fold 
higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted. 


Drug Interactions: Cimetidine: Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored. 


Digoxin: Some calcium blockers may increase the concen- 
tration of digitalis preparations in the blood. CARDENE 
usually does not alter the plasma levels of digoxin, however, 
serum digoxin levels should be evaluated after concomitant 
therapy with CARDENE is initiated. 


Maalox: Co-administration of Maalox TC had no effect on 
CARDENE absorption. 


Fentanyl Anesthesia: Severe hypotension has been reported 
during fentanyl anesthesia with concomitant use of a beta- 
blocker and a calcium channel blocker. Even though such 
interactions were not seen during clinical studies with 
CARDENE, an increased volume of circulating fluids might 
be required if such an interaction were to occur 


Cyclosporine: Concomitant administration of nicardipine 
and cyclosporine results in elevated plasma cyclosporine 
levels. Plasma concentrations of cyclosporine should 
therefore be closely monitored, and its dosage reduced 
accordingly, in patients treated with nicardipine. 


When therapeutic concentrations of furosemide, 
propranolol, dipyridamole, warfarin, quinidine, or naproxen 
were added to human plasma (in vitro), the plasma protein 
binding of CARDENE was not altered. 


Pregnancy: Pregnancy Category C: There are no adequate 
and well-controlled studies in pregnant women. CARDENE 
should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 


Nursing Mothers: It is recommended that women who wish 
to breast-feed should not take this drug. 


Pediatric Use: Safety and efficacy in patients under the age 
of 18 have not been established. 


Use in the Elderly: Pharmacokinetic parameters did not 
differ between elderly hypertensive patients (=65 years) 
and healthy controls after one week of CARDENE 20 mg 
TID. Plasma CARDENE concentrations in elderly hyperten- 
sive patients were similar to plasma concentrations in 
healthy young adult subjects when CARDENE was admin- 


3. Pepine C. Nicardipine, a new calcium channel blocker: Role 
for vascular selectivity. Clin Cardiol. 1989:12:240-246. 


maximum of 40 mg T.I.D. 


istered at doses of 10, 20 and 30 mg TID, suggesting tt 
pharmacokinetics of CARDENE are similar in young a 
elderly hypertensive patients. No significant differenc 
responses to CARDENE have been observed in elder 
patients and the general adult population of patients \ 
participated in clinical studies. 


ADVERSE REACTIONS: In short-term (up to thr 
months) studies 1,910 patients received CARDENE alc 
in combination with other drugs. In these studies, adv 
events were generally not serious but occasionally rei 
dosage adjustment. Peak responses were not observi 
be associated with adverse effects during clinical tria 
physicians should be aware that adverse effects assoc 
with decreases in blood pressure (tachycardia, hypote 
etc.) could occur around the time of the peak effect. 


Angina: The most common adverse events include pe 
edema and dizziness in about 7% of patients; headac! 
asthenia, flushing and increased angina in about 6%; | 
pitations in about 3%; and nausea and dyspepsia in al 
2%. Adverse events occurring in about 1% of patients in 
dry mouth, somnolence, rash, tachycardia, myalgia, otl 
edema and paresthesia. Sustained tachycardia, syncc 
constipation, dyspnea, abnormal ECG, malaise, nervot 
ness and tremor occurred in less than 1% of patients. 


In addition, adverse events were observed which aren 
readily distinguishable from the natural history of the a 
erosclerotic vascular disease in these patients. Advers 
events in this category each occurred in <0.4% of pati 
receiving CARDENE and included myocardial infarctio 
atrial fibrillation, exertional hypotension, pericarditis, h 
block, cerebral ischemia and ventricular tachycardia. | 
possible that some of these events were drug-related. 


Hypertension: The most common adverse events incit 
flushing in about 10% of patients: headache and pedal 
edema in about 8%; asthenia, palpitations and dizzines 
about 4%; tachycardia in about 3%; nausea in about 2' 
and somnolence in 1%. Dyspepsia, insomnia, malaise, o 
edema, abnormal dreams, dry mouth, nocturia, rash an 
vomiting occurred in less than 1% of patients. 
Additionally, the following rare events have been report 
infection, allergic reaction, hypotension, postural hypot 
sion, atypical chest pain, peripheral vascular disorder, \ 
tricular extrasystoles, ventricular tachycardia, sore thra 
abnormal liver chemistries, arthralgia, hot flashes, verti: 
hyperkinesia, impotence, depression, confusion, anxiet 
rhinitis, sinusitis, tinnitus, abnormal vision, blurred visio 
increased urinary frequency. . 

More detailed professional information available on requ 
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1392 
Analysis of Calcium, Zinc, Magnesium, Iron and Copper 
Content in Myocardium and Stenotic Mitral Valves 

liker Durak, Ahmet Sahin, Zuhal Yurtarslani, and Ahmet Sonel 





1394 
Mechanism of Disappearance of S3 with Maturation 
Marlene K. Wilken, David G. Meyers, Peter A. Laski, Frank P. Yi, and 
Helen Starke 





1396 

Severe Pulmonary Hypertension and Cor Pulmonale in the 
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ee EAEN EVE S EEE ANSE A ANT IEE ELE E A ap 
In Vivo Relation Between Cineangiographic Jet Width and Jet 


Width Imaged by Color-Coded Doppler 
Scott E. Klewer, Thomas R. Lloyd, and Stanley J. Goldberg 


Continued on page A66 


A64 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 





Artist's rendition 
of MAG-TAB SR 
absorbed by villi 


in the jejunum. 


NEW iins: FROM ADRIA LABORATORIES 


TM 


magnesium lactate 


THE FIRST SUSTAINED-RELEASE ORAL 
MAGNESIUM LACTATE SUPPLEMENT’ FOR PATIENTS 
AT RISK OF MAGNESIUM DEFICIENCY: 


WELL ABSORBED BY THE GUI. 
LL TOLERATED BY THE PATIENT: 


Ask your Adria sales representative for more information, or call 1-800-848-7493. 


= ADRIA LABORATORIES 


Adria Division of Erbamont Inc. 
COLUMBUS, OHIO 43215 *Or as directed by physician. 


© 1989 Adria Laboratories, Division of Erbamont Inc. tPatent pending. 
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The only beta blocker 
as effective as quinidine 


.. Without quinidine complications. 


In randomized, double-blind crossover studies,'? Sectral® (acebutolo! HCl) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea.'? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.”* 





Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 


gradually until optimal responseis obtained, generally between 600 mg 
to 1200 mg per day. p 







Please see brie summary on adjacent page. 
*Sectral® is not indicatedfer. ventricular tachycardia. 
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acebutolol HCI 


For uncomplicated control of PVCs. 


(Brief summary of prescribing information) 


CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 
2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
WARNINGS) 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
circulation in individuals with diminished myocardial contractility, and its inhibition by B - 
adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the myocardium 
with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 
closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 
therapy should be withdrawn. 

EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
death have been reported. Therefore, such patients should be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 
period of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
transferred directly to comparable doses of another agent without interruption of B-blocking 
therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
immediately in full doses and the patient hospitalized until his condition stabilizes. 

PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
mesenteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 

BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE AB-BLOCKER. Because of its relative B ,-selectivity, however, low 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
se aay to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 
bronchodilator, such as a theophylline or a g ,-stimulant, should be made available in advance 
with instructions concerning its use. 


ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 
blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
2 anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 

een reported with beta-blockers. If treatment is continued, particular care should be taken when 
using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 
other B -blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mgi.v. in divided doses. 

DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 
hypoglycemia. 

THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
hyperthyroidism. Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
should be monitored closely. 

PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
in patients with renal insufficiency have not been performed in the U.S. Foreign published 
experience shows that acebutolo! has been used successfully in chronic renal insufficiency. 
Acebutolo! is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
and creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 
the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 
SECTRAL should be used cautiously in patients with impaired hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
Clinical trials without specific adjustment of dosage. However, elderly patients may require lower 
maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
approximately doubled in this age group. 

CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
incidence was higher than that observed with propranolol. Symptoms (generally persistent 
arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 
both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 
disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 
physician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 
being treated with B -adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

Patients should also be warned of possible severe hypertensive reactions from concomitant use 
of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 
preparations and nasal drops. 


DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
responses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving B -blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equiva 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinoge 
potential for SECTRAL (acebutolol HCI). Diacetolol, the major metabolite of SECTRAL in 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/da 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ame 
Test. SECTRAL, administered orally to two generations of male and female rats at doses c 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in 
60 kg) man] and diacetolol, administered to two generations of male and female rats at do 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertilii 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivale 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits anc 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduc 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant wo 
in the U.S.; however, studies have shown that both acebutolo!l and diacetolol cross the pla 
Because animal teratology studies are not always predictive of the human response, SECT 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course | 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is weil tolerated in properly selected patients. Most ad' 
reactions have been mild, not required discontinuation of therapy, and tended to decrease 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. Thi 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or place 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 


SECTRAL Propranolol thiazide Place 
(N=1002) (N=424) (N=178) (N=3' 
% % % % 


Hydrochloro- 
Body System/ 
Adverse Reaction 











Cardiovascular 
Chest Pain 
Edema 

Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 

Dermatologic 
Rash 

Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 

Genitourinary 
Micturition 
(frequency) 

Musculoskeletal 
Arthralgia 
Myalgia 

Respiratory 
Cough 1 
Dyspnea 4 6 
Rhinitis 2 

Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. Central Nervou 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joir 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months « 
a constant dose.) 


400 mg/ 800 mg/ 1200 mg/ 
day day day 
Body System (N=132) (N=63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 
System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adve 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, anc 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL duri 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral” is not indicated in ventricular tachycardia. 
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No longer will 
increasing your 


ad budget 
be an 
act of faith. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases- 
sales and profits. 
Its comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It’s impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 
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A World Without Hunger and Pain, 
A World Without Hatred and Fear, 


A World with Peace and Harmony, 
Imagine. 


Without Imagination, Nothing Would Change. 
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COMPUTED SONOGRAPHY 





The Department of Medicine of the Louisiana State 

University Medical Center in New Orleans is search- 

_ ing for a CHIEF OF THE SECTION OF CARDIOLO- 
GY. It is important that you have a strong commit- 
ment to clinical cardiology and possess a well 
established reputation as an investigator and teach- 
er. LSU Medical Center is an EEO/AA employer. 
Please send CV’s to: Warren Summer, MD, LSU 
School of Medicine, Department of Medicine, 1542 
Tulane Avenue, New Orleans, LA 70112. 











CARDIOLOGIST—BC/BE sought to join a large hospital based 
multispecialty clinic. University affiliated residency program. 
Interest in echocardiography desired. Excellent fringe benefits. 
Competitive salary. California license required. Send CV to 
Aung-Win Chiong, MD, The Permanente Medical Group, Inc., 
2026 Morse Avenue, Sacramento, CA 95825. EOE. 














CARDIOLOGIST BE/BC—Consultative practice; all as- 
pects of invasive cardiology; active heart program. To 
join two young cardiologists on the Texas gulf coast. 
Please send CV to Reply Box 755, The American Journal 
of Cardiology, 249 W. 17th St., New York, N.Y. 10011. 
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Several vacancies exist for board-certified 
Cardiologists in the U.S. Army Medical 
Department. Unique professional oppor- 
tunities are available at locations in the 
United States and overseas. Interested in- 
dividuals must not have attained their 
52nd birthday. For further information 
on benefits and professional opportuni- 
ties, call LTC Touchard at (303) 361-3208. 
Call collect. 
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NITRO-BID' Plateau CAPS’ 
(nitroglycerin) 2.5 mg, 6.5 mg, and 9 mg 


DESCRIPTION: Each NITRO-BID® Controlled-Release 
Capsule contains: 

2.5 mg nitroglycerin: Light purple and clear capsule with white 
beads; identification imprint MARION/1550. 

6.5 mg nitroglycerin: Dark blue and yellow capsule with white 
beads; identification imprint MARION/I551. 

9 mg nitroglycerin: Green and yellow capsule with white beads; 
identification imprint MARION/1553. 


ACTION: The mechanism of action of nitroglycerin in the 
relief of angina pectoris is not as yet known. However, its main 
pharmacologic action is to relax smooth muscle, principally in 
the smaller blood vessels, thus dilating arterioles and capillaries, 
especially in the coronary circulation. In therapeutic doses, 
nitroglycerin is thought to increase the blood supply to the 
myocardium which may, in turn, relieve myocardial ischemia, 
the possible functional basis for the pain of angina pectoris. The 
sublingual administration of nitroglycerin is normally rapid and 
transient, but nitroglycerin in controlled-release NITRO-BID® 2.5, 
NITRO-BID® 6.5, and NITRO-BID® 9 produces a 

prolonged action. 





INDICATIONS: Based on a review of this drug and a 
related drug by the National Academy of Sciences- 
National Research Council and/or other information, 
FDA has classified the indications as follows: 
‘*Possibly’’ effective: 
For the management, prophylaxis, or treatment of 
anginal attacks. 
Final classification of the less-than-effective indications 
requires further investigation. 













CONTRAINDICATIONS: Acute or recent myocardial 
infarction, severe anemia, closed-angle glaucoma, postural 
hypotension, increased intracranial pressure, and idiosyncrasy 
to the drug. 


WARNINGS: Capsules must be swallowed. FOR ORAL, NOT 
SUBLINGUAL, USE. NITRO-BID® 2.5, NITRO-BID® 6.5, 
and NITRO-BID® 9 Controlled-Release Capsules are not 
intended for immediate relief of anginal attacks. 


PRECAUTIONS: Intraocular pressure may be increased; 
therefore, caution is required in administering to patients with 
glaucoma. Tolerance to this drug and cross-tolerance to other 
organic nitrites and nitrates may occur. If blurring of vision, 
dryness of mouth, or lack of benefit occurs, the drug should be 
discontinued. 


ADVERSE REACTIONS: Severe and persistent headaches, 
cutaneous flushing, dizziness, and weakness. Occasionally, drug 
rash or exfoliative dermatitis and nausea and vomiting may 
occur; these responses may disappear with a decrease in dosage. 
Adverse effects are enhanced by ingestion of alcohol, which 
appears to increase absorption from the gastrointestinal tract. 


DOSAGE AND ADMINISTRATION: Administer the smallest 
effective dose two or three times daily at 8- to 12-hour intervals, 
unless clinical response suggests a different regimen. Patient 
should be titrated to anginal relief or hemodynamic response. 
Hemodynamic response can be measured by drop in systolic 
blood pressure. Discontinue if not effective. 


HOW SUPPLIED: NITRO-BID® (nitroglycerin) 2.5, 6.5, 
and 9 Controlled-Release Capsules are available in 60- and 
100-count bottles. 


CAUTION: Federal law prohibits dispensing without 
prescription. 


STORAGE: Store at a controlled room temperature. Dispense 


only in the original unopened container. 
Issued 3/83 
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PHARMACEUTICAL DIVISION 


MARION 


LABORATORIES, INC, 
KANSAS CITY, MO 64137 











HEMODYNAMIC 
STANDARD 


in classic angina therapy’ 


Prescribe NITRO-BID* (nitroglycerin) with confidence, because it offers: 


m early onset of action =E prolonged prophylactic effect ™ concomitant use with 
m dynamic hemodynamic æ flexible dosage range beta-blockers and 
response calcium channel blockers 
® 


*This drug has been evaluated as possibly effective 


& 2 
for the management, prophylaxis, or treatment of Capsules 9 mg, 
Please see full prescribing information on adjacent page. 6. 5 mg, pA 5 mg 
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Early and Late Results of Coronary Angioplasty 
Without Antecedent Thrombolytic Therapy 
for Acute Myocardial Infarction 


James H. O'Keefe, Jr., MD, Barry D. Rutherford, MD, David R. McConahay, MD, 
Robert W. Ligon, MA, Warren L. Johnson, Jr., MD, Lee V. Giorgi, MD, 
James E. Crockett, MD, Ben D. McCallister, MD, Robert D. Conn, MD, 

George M. Gura, Jr., MD, Thomas H. Good, MD, David M. Steinhaus, MD, 
Timothy M. Bateman, MD, Thomas M. Shimshak, MD, and Geoffrey O. Hartzler, MD 


Direct coronary angioplasty without antecedent 
thrombolytic therapy was performed in 500 con- 
secutive patients with acute myocardial infarction. 
Anterior and inferior infarctions were noted in 217 
and 283 patients, respectively. Two hundred 
fifteen patients (43%) had 1-vessel disease, 85 
patients (17%) were >70 years of age and 39 (8%) 
presented in cardiogenic shock. Successful angio- 
plasty of the infarct vessel was achieved in 94% of 
patients. The overall in-hospital mortality was 
7.2%. Cardiogenic shock, 3-vessel disease and 
failed angioplasty were the 3 strongest multivariate 
correlates of early mortality. Reocclusion of the in- 
farct-vessel was noted in 47 (15%) of the 307 pa- 
tients with angiographic follow-up before hospital 
discharge. Significant bleeding complications oc- 
curred in only 3% of patients; stroke or myocardial 
rupture was not seen. The global ejection fraction 
increased from 53% on the preangioplasty ventric- 
ulograms to 59% at 1 week (p <0.001). Significant 
regional wall motion improvement in the infarct 
segments was noted in 53% of patients. Global 
ejection fraction improved most dramatically in pa- 
tients presenting with baseline ejection fractions 
<45% (increasing from 36 to 50%). The 1- and 5- 
year survival rates after hospital discharge were 
95 and 84%, respectively. The 1-year reinfarction 
rate was 3%. Thus, direct coronary angioplasty 
was highly effective in reestablishing infarct-vessel 
patency and salvaging ischemic myocardium, re- 
sulting in low in-hospital and long-term mortality. 
(Am J Cardiol 1989;64:1221-1230) 
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tive intraluminal coronary thrombus was the usual 

cause of acute myocardial infarction (AMI). Since 
then, several strategies have evolved for establishing pa- 
tency of the infarct-related coronary artery in an at- 
tempt to limit myocardial necrosis and improve survival. 
Intravenous thrombolytic therapy has proved to be a 
simple and effective means of infarct intervention.*~> 
However, thrombolytic agents will fail to acutely recan- 
alize the infarct vessel in at least 25% of patients, and a 
high-grade residual stenosis often persists after success- 
ful thrombolysis. For these reasons, coronary angio- 
plasty after thrombolytic therapy has been widely ap- 
plied and relatively well characterized.”'° Three 
recent randomized trials have demonstrated no clear ad- 
vantage to the routine application of coronary angio- 
plasty within 48 hours after intravenous tissue plasmin- 
ogen activator therapy.'!~!3 This has led some investiga- 
tors to conclude that coronary angioplasty may not be 
an effective or appropriate option for the patient with 
AMI.!415 Coronary angioplasty without thrombolytic 
therapy, direct coronary angioplasty, has been described 
in relatively small subsets of selected patients with 
AML.°!6-24 Our routine and consistent approach to 
nearly all patients presenting within 6 hours of an AMI 
has been direct balloon angioplasty. We determined the 
effectiveness of this approach in a large consecutive se- 
ries of patients with AMI. 


I: 1980 DeWood et al! demonstrated that obstruc- 


METHODS 

Entry criteria: The study group consisted of 500 
consecutive patients who underwent emergency coro- 
nary angioplasty as primary therapy for AMI. Clinical 
criteria for inclusion in the study were chest pain consis- 
tent with ongoing myocardial ischemia persisting >30 
minutes, >1 mm of ST-segment elevation in 22 contig- 
uous electrocardiographic leads and informed consent 
from the patient or the patient’s family for study partic- 
ipation. Patients were excluded from the study if pre- 
treated with a thrombolytic agent, if acute coronary oc- 
clusion occurred after elective coronary angiography or 
angioplasty or if they presented to the emergency room 
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DIRECT ANGIOPLASTY FOR ACUTE INFARCTION 


TABLE I Demographics for 500 Patients 


No. % 









Mean age (yrs) 59+11 
Age range (yrs) 27-85 — 














Sex: M/F 364/136 73/27 
Age 270 yrs 85 17 
MI location 
Anterior 217 43 
Inferior 283 57 
Ischemic time (min) 
Mean 312 + 256 — 
Median 244 — 
Range 30-1440 — 
<2 hours 69 14 
2—4 hours 225 45 
4-6 hours 117 23 
>6 hours 89 18 
Cardiogenic shock 39 8 






Prior CABG 







CABG = coronary artery bypass graft surgery; Ischemic time = elapsed 
time from pain onset to reperfusion; MI = myocardial infarction. 





>6 hours after onset of chest discomfort without clinical 
or electrocardiographic evidence of ongoing ischemia. 
Patients with a “stuttering ischemic syndrome” present- 
ing >6 hours but <24 hours after pain onset with ongo- 
ing chest discomfort, ST-segment elevation and at least 
partial preservation of electrocardiographic R waves in 
the infarct region were included (n = 121). No patient 
was excluded from the study because of age, cardiogen- 


Diastole 


-_™ 


Nee eer 


Segmental EF (%) 


Systole 





ic shock, previous myocardial infarction, prior coronar 
artery bypass surgery, prolonged cardiopulmonary re 
suscitation, impaired baseline left ventricular function 
diffuse or multivessel coronary disease or renal insuffi 
ciency. Cardiogenic shock was defined as a systolic 
blood pressure <80 mm Hg with clinical evidence o 
systemic hypoperfusion and an ejection fraction o 
<30% at baseline ventriculography. 

Angioplasty protocol: This consecutive series in: 
cludes all patients who underwent direct coronary angi- 
oplasty from November 1980 to April 1988. However 
83% (413 of 500) of the procedures were performed af. 
ter January 1984, when direct balloon angioplasty be- 
came our standard approach to all patients presenting 
with AMI. An emergency cardiac catheterization team 
consisting of 3 technicians, an invasive cardiologist and 
a noninvasive cardiologist was on call 24 hours a day. 
The acute procedure was in progress generally within 
30 to 45 minutes of notification. Five invasive cardiolo- 
gists (GOH, BDR, DRM, WLJ and LVG), all with 
extensive experience in coronary angioplasty, performed 
the procedures. 

In the emergency room or on arrival in the cardiac 
catheterization laboratory, the patients received 10,000 
U of heparin. A lidocaine bolus of 75 mg was followed 
by continuous infusion. Sublingual isosorbide dinitrate 
(5 mg) and intravenous verapamil (5 mg) were adminis- 
tered unless contraindicated by bradyarrhythmia or hy- 


FIGURE 1. Regional wall motion analysis: 
the ejection fraction (EF) for each of the 
19 regions (top) was calculated and 
charted as depicted (bottom). Bottom, 
normal regional wall motion determined by 
analyzing 50 patients with entirely normal 
left ventricular function. SD = standard 
deviation. 
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potension. In the absence of left ventricular failure, 50 
mg of intravenous dextran was infused. 

A monoplane left ventriculogram was obtained in 
the 30° right anterior oblique projection, generally us- 
ing 30 to 40 ml of contrast agent. Coronary arteriogra- 
phy was then performed visualizing the suspected non- 
infarct-related coronary artery first. In the majority of 
patients an 0.018-inch high torque floppy wire (Ad- 
vanced Cardiovascular Systems) was used for initial re- 
canalization of the infarct-related artery. An over-the- 
wire Simpson-Roberts balloon catheter (Advanced Car- 
diovascular Systems) was then advanced across the 
occlusion. Once the lesion had been successfully crossed 
and dilated, the guidewire and catheter were withdrawn 
from the infarct vessel as soon as possible to minimize 
thrombus formation. Patients with multivessel disease 
were staged, dilating the infarct vessel acutely, deferring 
dilatation of stenoses in other vessels to the time of fol- 
low-up study. In 17 patients with extensive intraluminal 
thrombus refractory to repeated inflations, intracoro- 
nary streptokinase, 100,000 to 250,000 U, was infused 
after angioplasty. Successful PTCA was defined as in- 
farct vessel dilatation with <40% residual luminal di- 
ameter stenosis. 

Protocol after angioplasty: An intravenous heparin 
infusion was continued for approximately 48 hours after 
angioplasty. Nitroglycerin (intravenous or transcutan- 
eous) and intravenous lidocaine were continued 224 
hours after the procedure. Aspirin, 325 mg 3 times dai- 
ly, dipyridamole, 75 mg 3 times daily and a calcium 
antagonist were begun immediately and continued as 
discharge medications. 

Data analysis: VENTRICULOGRAPHY: End-systolic and 
end-diastolic frames from both the preangioplasty and 
follow-up ventriculograms were digitized using a Tek- 
tronix 4052 computer. Ventriculograms that were tech- 
nically inadequate due to incomplete opacification or 
ectopy were excluded from the analysis. A modified 
Dodge area-length method was used to calculate end- 
diastolic and end-systolic volumes.”> Regional wall mo- 
tion was evaluated by using a modification of the area- 
length method (Figure 1).*° Baseline preangioplasty 
ventriculograms were performed in 91% (457 of 500) of 
patients. Two hundred sixty-one patients (52%) had 
both preangioplasty and predischarge follow-up (mean 
of 7 days) ventriculograms suitable for analysis. 

FOLLOW-UP: Repeat coronary angiography before dis- 
missal was performed in 307 (61%) patients. Prospec- 
tive long-term follow-up data were obtained via ques- 
tionnaires, telephone interviews and follow-up visits 
with the patient. Only 5 patients (1%) were lost to long- 
term follow-up. 

STATISTICS: Interval-level data were compared using 
the Student ¢ test, and categorical data were evaluated 
using the chi-square test or Fisher exact test. Survival 
data are reported using the Kaplan-Meyer actuarial 
method, and comparisons between survival distributions 
were made using the Lee-Desu statistic. Stepwise logis- 
tic regression was used to evaluate the effect of selected 





TABLE Il Baseline Angiographic Characteristics in 500 
Patients 


Infarct-related coronary artery 
Left main 
Left anterior descending 
Left circumflex 
Right 
Bypass graft 
Collaterals 
Right to left (% of total anterior infarctions) 
Left to right (% of total inferior infarctions) 
TIMI grade (perfusion) 
0 


1 

2 
EF <30% 
Preangioplasty EF 





TABLE Ill Direct Angioplasty of Saphenous Vein Bypass 
Grafts 


SVG Native 
(35 pts) (465 pts) p Value 


Success (%) 29 (83) 439 (94) 
In-hospital death (%) 3 (9) 33 (7) 
Urgent bypass surgery (%) 0 10 (2) 
2/14(14) 45/293 (15) 


In-hospital occlusion (%) 
Survival (yrs) (%) 
1 


87 95 
2 83 93 
3 83 89 
4 77 87 


* for comparison of survival curves of graft (SVG) versus native vessel dilatation. 
NS = not significant; SVG = saphenous vein bypass grafts. 





clinical variables on in-hospital mortality, long-term 
survival and regional wall motion improvement. A Cox 
proportional hazard model was used to evaluate long- 
term survival after direct angioplasty. All reported p 
values are 2-tailed. 


RESULTS 

Patient demographics are listed in Table I; angio- 
graphic variables are listed in Table II. The overall an- 
gioplasty success rate in the group of 500 patients was 
94%; direct angioplasty was unsuccessful in 32 patients. 
In patients with Thrombolysis in Myocardial Infarction 
(TIMI) grade 0 perfusion (occluded infarct-related ar- 
tery), a success rate of 92% (280 of 304) was noted 
compared to 96% (188 of 196) of patients with TIMI 
grade 1 or 2 perfusion. The angioplasty success rates in 
patients with 1- versus multivessel disease were 99 and 
90%, respectively. Neither the vessel dilated nor the 
elapsed time from pain onset altered the success rate of 
angioplasty. The success rate of direct angioplasty per- 
formed in patients with an acutely occluded bypass 
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DIRECT ANGIOPLASTY FOR ACUTE INFARCTION 


vival, with 97% of such patients alive at 1 year (Figure 
5). Long-term survival with respect to infarct location 
and 1-, 2- or 3-vessel coronary artery disease is shown in 
Figures 6 and 7. At a mean follow-up of 33 months, 302 
patients (66%) were asymptomatic. Repeat angioplasty 
was required in 111 patients (24%), late coronary by- 
pass surgery was performed on 51 patients (13%) and 
the 1-year reinfarction rate was 3% (14 of 460). 


DISCUSSION 

In this series, direct balloon angioplasty for AMI 
was highly effective in reestablishing infarct-vessel pa- 
tency and in salvaging jeopardized myocardium. This 
resulted in low in-hospital and long-term morbidity and 
mortality. These findings are particularly notable be- 
cause virtually all of our patients with AMI underwent 
direct angioplasty. In 1988, for example, 110 patients 
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under our care presented to the emergency room wil 
an evolving Q-wave myocardial infarction. Corona 
angiography and balloon angioplasty were performed c 
106 of these patients (96%). Among the 4 patients nı 
treated with angioplasty, 1 refused catheterization ar 
3 were 4 to 6 hours from symptom onset with minim 
pain. 

Reperfusion and myocardial salvage: With dire 
angioplasty 94% of infarct vessels were successfully ri 
perfused. In contrast, intravenous streptokinase therar 
without further intervention results in an infarct vess 
patency rate from 41 to 55%.??7 Although intravenor 
tissue plasminogen activator?® and various combin: 
tions of intravenous thrombolytic agents?? improve th 
rate of recanalization, there appears to be a “pharmact 
logic intervention plateau” at approximately 75% wit 
respect to acute infarct vessel patency.30-32 





FIGURE 3. Regional wall motion in inferi- 
or infarcts with respect to patent (A) or 








16 17 18 19| nonpatent (B) infarct arteries at the 

superior predischarge study. Again improvement ir 

basal regional ejection fraction was noted in the 
jeopardized segments in patients with 


closed vessels. Abbreviations as in Table 
il. 
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Myocardial salvage: The improvement in global 
ejection fraction in this series (6.4 percentage points) 
was similar to that reported in previous studies using 
coronary angioplasty for AMI®!? and is greater than 
the increase noted in most thrombolytic trials reporting 
information on ventricular function.*? 

The myocardial salvage was most striking in patients 
presenting with a large amount of jeopardized myocar- 
dium. In patients with baseline ejection fractions <45%, 
the ejection fraction improved 14 percentage points. 
Postinfarction ejection fraction is a reflection of infarct 
size and, as such, is a strong independent determinant of 
in-hospital and late mortality.’ Myocardial salvage of 
this magnitude could be expected to reduce postinfarc- 
tion morbidity and mortality. 

Mortality: The in-hospital mortality of 7% in this se- 
ries of unselected patients is virtually identical to the 
mean in-hospital mortality from other more selected se- 


(02) 
oO 





ries using direct angioplasty for AMI.*! This compares 
favorably with the 11 to 20% mortality rate in historical 
control subjects treated with traditional conservative 
therapy.*4 The in-hospital death rates for patients with 
successful versus failed angioplasty were 5 and 34%. 
This finding, corroborated by previous reports,’:!9!? 
suggests that the ability to reopen the infarct artery ex- 
erts a powerful influence on subsequent mortality. 

Very low in-hospital mortality rates (4 to 7%) have 
been reported in recent trials assessing intravenous 
thrombolytic therapy with or without adjunctive coro- 
nary angioplasty.'!~'3 However, in these studies rigid se- 
lection criteria were used to exclude patients over age 
75, those with prior bypass surgery or cardiogenic shock 
and those presenting >4 hours after onset of symptoms. 
When these same criteria were applied to the present 
series, the in-hospital mortality was 1.8% (4 deaths in 
222 patients). 


FIGURE 4. Survival and event-free surviv- 
al of all patients discharged from the hos- 
pital. Event-free is defined as absence of 
death, reinfarction and need for coronary 
artery bypass surgery. 


FIGURE 5. Survival after hospital dis- 
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TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin. ™ 


*The sum of painful and painless episodes. 
In Angina 
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PROTECTS Th E HEART. See adjacent page for brief summary of prescribing information. 


Ic 
— 
























a at AS Nee AT a a Fa ah SF 7) ayn". 
AK ne i $ we Pia : ee het ge $ W Fa Vina. ae VAPAD A bse 
’ d Ley 7 H- G < R i > 
oe ae j PRRP OY ; ait sik ath 7 í E M = ap base ae 


ONE TABLET A DAY 


NORMIN 
(atenolol) 


Protects THe HEART 





3 
FROM PAINFUL AND PAINLESS ISCHEMIA. 


an A beta,-selective (cardioselective) blocking agent. 
3 Ae, _ DESCRIPTION: TENORMIN (atenolol), a synthetic, beta;-selective (cardioselective) adrenoreceptor 
blocking agent, may be Shae org described as benzeneacetamide, 4-{2’-hydroxy-3’-|(1-methyl- 
F T ethyl) amino] propoxy]-. Atenolol (free base) has a molecular weight of 266. It is a relatively polar 
to } _ hydrophilic compound with a water solubility of 26.5 mg/mL at 37°C and a log partition coefficient 
= (octanol/water) of 0.23. It is freely soluble in 1N HCI (300 mg/mL at 25° C) and less soluble in 

p -chloroform ‘3 mg/mL at 25°C) ` 

= TENORMIN is available as 50 mg and 100 mg tablets for oral administration. 

Inactive mgredients: magnesium stearate, microcrystalline cellulose, povidone, sodium starch 


_ glycolate. 

shes INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of 

EAS hypertension. It may be used alone or concomitantly with other antihypertensive agents, particularly 
4 = witha thiazide-type diuretic. 
is _ Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 
management of patients with angina pectoris. 
co INDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, and overt cardiac failure. (See WARNINGS.) 
WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 
function in congestive heart failure, and beta blockade carries the potential hazard of further 
_ depressing myocardial contractility and precipitating more severe failure. In hypertensive patients who 
have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered 
Cautiously. Both digitalis and atenolol slow AV conduction, 
___ In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with 
_ beta-blocking agents over a period of time can, in some cases, lead to cardiac failure. At the first sign 
= Or symptom of impending cardiac failure, patients should be fully digitalized and/or be given a 
=~ diuretic and the response observed closely. If cardiac failure continues despite adequate digitali- 


` 


= zation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration.) 


Cessation of Therapy With TENORMIN: Patients with coronary artery disease. who are being 
treated with TENORMIN, should be advised against abrupt discontinuation of therapy. Severe 

_ exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
| have been reported in angina patients following the abrupt discontinuation of therapy with other 
= | beta blockers. The last two complications may occur with or without preceding exacerbation of 
=- | the angina pectoris. To date, there has been no report of myocardial infarction or severe angina 

| upon withdrawal of TENORMIN, Sct nt era to its long plasma half-life. Because of the 
| problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, 
_ | the patients should be carefully observed and advised to limit physical activity to a minimum. If 
e gogna worsens or acute coronary insufficiency develops, it is recommended that 
ORMIN be promptly reinstituted, at least temporarily. (See Dosage and Administration.) 


ospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
L, NOT RECEIVE BETA BLOCKERS. Because of its relative beta, selectivity, however, 
RM POE IEIS R DS WE hronoho disease who do not 
vond to, or cannot tolerate, other antih sive treatment. Since beta; selectivity is not 
SO ssible dose of TENORMIN should be used with therapy initiated at 
mg, a mulating cp aca hfe pager should be made available. If dosage 
pe in , dividing the should be con in order to achieve lower peak 
= Anesth and Major Surgery: As with all beta-receptor blocking drugs it may be decided to 
~ withdraw TENORMIN before surgery. In this case, 48 hours should be allowed to elapse between the 
Cy _last dose and anesthesia. If treatment is continued, care should be taken when peng aaeslbewe 
js Chet which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 
. ee TE IRMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 

l effects on the heart can be reversed by administration of such agents (eg, dobutamine or isoprotereno! 
~ with caution—see section on Overdosage). Manifestations of excessive vagal tone (eg, profound 
= bradycardia, iacansion) may be corrected with atropine (1-2 mg IV). 

= Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a 
beta-blocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia, 

- but other manifestations such as dizziness and sweating may not be significantly affected. 

_ TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta 
blockers, does not delay recovery of blood glucose to normal levels. 
p xicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of 
hyperthyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
should be monitored closely. (See Dosage and Administration.) 

CAUTIONS: Impaired Renal Funetion: The drug should be used with caution in patients with 
impaired renal function. (See Dosage and Administration.) 

i j Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect 
when given with beta-blocking agents. Patients treated with TENORMIN plus a catecholamine 
depletor should therefore be closely observed for evidence of hypotension and/or marked 
bradycardia which ey produce vertigo, syncope, or postural hypotension. 

_ Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
concurrently, the beta blocker should be discontinued several days before the gradua! withdrawal of 


clonidine. 
s ni is, Mutagenesis, Impairment of Fertility: Two long-term (maximum dosing duration 
of 18 or 24 months) rat studies and one long-term (maximum dosing duration of 18 months) mouse 
study, each eripieying dose levels as high as 300 mg/kg/day or 150 times the maximum 
recommended human dose, did not indicate a carcinogenic potential in rodents. Results of various 
mutagenicity studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 

_ maximum recommended human dose) was unaffected by atenolol administration 

imal Toxi : Chronic studies performed in animals have revealed the occurrence of 
vacuolation of epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all 
tested dose levels of atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
human dose), and increased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
150 pele Tif (150 and 75 times the maximum recommended human dose, respectively) 
USAGE IN PREGNANCY: Pregnancy Category C. Atenolol has been shown to produce a dose- 
related increase in embryo/fetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
25 or more times the maximum recommended human dose. Although similar effects were not seen in 
rabbits, the compound was not evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
maximum recommended human dose. There are no adequate and well-controlled studies in pregnant 
women, TENORMIN should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared 
to the concentration in plasma. Caution should be exercised when TENORMIN is administered to a 
nursing woman. 

Use: Safety and effectiveness in children have not been established 
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ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimate 
were derived from controlled studies in which adverse reactions were either volunteered by the pa’ 
(US studies) or elicited, eg, by checklist (foreign studies). The reported frequency of elicited adve 
effects was higher for both TENORMIN (atenolol) and placebo-treated patients than when these | 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is sir 
causal relationship to TENORMIN is uncertain | 

The following adverse-reaction data present frequency estimates in terms of percentages: first 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered 
elicited side effects); 

US STUDIES (% ATENOLOL-% PLACEBO): 3 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension 
(2%-1%), leg pain (0%-0.5% 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), 
lightheadedness (1%-0%), tiredness (0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness 
(0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0 6%-1%) 

TOTALS US AND FOREIGN STUDIES: 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension 
(4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), 
lightheadedness (3%-0.7%), tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsin 
(2%-0.5%), depression (12%-9%), dreaming (3%-1%) 

GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the 
of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases, the symp 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if 
such reaction is not otherwise explicable. Patients should be closely monitored following cessatio 
therapy. 

POTENTIAL ADVERSE EFFECTS: In addition. a variety of adverse effects have been reported v 
oner “vi pe ight blocking agents, and may be considered potential adverse effects of 
IN. 

HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

ALLERGIC: Fever, combined with aching and sore throat, laryngospasm, and respiratory distre 

CENTRAL NERVOUS SYSTEM: Reversible mental depression progressing to catatonia, visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of tim 
and place, short-term memory loss, emotional lability with slightly clouded sensorium, decreasec 
performance on neuropsychometrics. 

GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis 

OTHER: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

MISCELLANEOUS. The oculomucocutaneous syndrome associated with the beta blocker prac 
has not been reported with TENORMIN during investigational use and foreign marketing experier 
Furthermore, a number of patients who had previously demonstrated established practolo! reactii 
were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 
OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific informatio 
emergency treatment of overdosage is available. The most common effects expected with overdc 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotension, 
bronchospasm, and hypoglycemia. 

In the case of overdosage. treatment with TENORMIN should be stopped and the patient carefi 
observed. TENORMIN can be removed from the general circulation by hemodialysis. In addition t 
gastric lavage, the following therapeutic measures are suggested if warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemal 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoprotere 
or nornp'depntme may be useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: H : The initial dose of TENORMIN is 50 mg giver 
one tablet a day either alone or added to diuretic therapy. The full effect of this dose will usually be 
seen within 1 to 2 weeks. If an optimal response is not achieved, the dosage should be increased 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unli 
to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-type diuretics, hydralazine, prazosin, and alpha-methyidopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optime 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg gi 
as one tablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect. 

Twenty-four-hour control with once-daily dosing is achieved by giving doses larger than necess 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occur: 
with doses of 50 to 100 mg, but at these doses the effect at 24 hours is attenuated, averaging abo 
50% to 75% of that observed with once-a-day oral doses of 200 mg. 

Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage 
should be adjusted in cases of severe impairment of renal function. No significant accumulation o 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m2 (normal range is 
100-150 mL/min/1.73 m 2); therefore. the following maximum dosages are recommended 
for patients with renal impairment: 


Creatinine Clearance Atenolol 
(mL/min/1,73 m2) Elimination Half-life (h) Maximum Dosagi 
15-35 16-27 50 mg daily 
<15 >27 50 mg every othe! 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under 
hospital supervision as marked falls in blood pressure can occur. 

Cessation of Therapy: lf withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually over a period of about 2 weeks. Patients should be carefully observed and advised to lir 
poyscai eth o a minimum 
! | SUPPLIED: Tablets of 50 mg atenolol, NDC 0310-0105 (round. flat, uncoated white tablets 
identified with ICI debossed on one side and 105 debossed on the other side, bisected) are supp! 
in bottles of 100 tablets and unit-dose packages of 100 tablets. 

Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat, uncoated white tablets identified with IC 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets ¿ 
unit-dose packages of 100 tablets. 

Protect from heat, light, and moisture Pr 

1 


References: 1. Quyyumi AA, Crake T, Wright CM, et al: Medical treatment of patients with severe 
exertional and rest angina: Double blind comparison of beta blocker, calcium antagonist, and nitr, 
Br Heart J 1987;57:501-511. 2. Findlay IN, Dargie HJ: The effects of nifedipine, atenolol and that 
combination on left ventricular function Postgres Med J 1983;59 isa ):70-73. 3. Schwartz JB: 
Atenolol in the treatment of angina: Once daily cardioselective B-blockade for angina pectoris. Dre 
1983;25(supp! 2):160-165. 
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increased levels of plasminogen activator inhibitor 


(PAI) have recently been described in patients with 
acute myocardial infarction (AMI). To correlate PAI 
levels to patency of infarct arteries after thrombo- 
lytic therapy with recombinant tissue-type plasmin- 
ogen activator (rt-PA), 125 consecutive patients 
with AMI were examined. Blood levels of fibrino- 
gen, plasminogen, tissue plasminogen activator 
(t-PA) and PAI were measured before treatment 
initiation, 10 minutes after completion of rt-PA 
infusion and 24 and 48 hours after treatment. Cor- 
onary angiography, performed in all patients 72 
hours after beginning rt-PA infusion, revealed pat- 
ent infarct arteries in 97 patients and occluded 
infarct arteries in 28 patients. Pretreatment levels 
of PAI were significantly higher in patients with 
occluded infarct arteries (18.0 + 11.5 vs 10.5 + 
9.3 IU/ml, p <0.01). Conceivably, higher levels of 
PAI may interfere with the natural thrombolytic 
process and make pharmacologic thrombolytic in- 
tervention less effective. 

(Am J Cardiol 1989;64:1231-1235) 
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myocardial infarction (AMI) can be expected to 

open 60 to 70% of occluded infarct arteries! 
with preservation of left ventricular function? and de- 
creased mortality.4 Patients who do not respond to 
thrombolytic treatment have a significantly higher mor- 
bidity and mortality.” Because intracoronary thrombi 
are responsible for most AMIs,° the study of factors 
promoting thrombus formation or lysis could lead to a 
better understanding of both the pathogenesis of AMI 
and the response to thrombolytic treatment. In this re- 
gard, several studies have demonstrated an associa- 
tion between increased plasminogen activator inhib- 
itor (PAI) activity, reduced fibrinolytic activity and 
acute coronary disease.’-? In this study, patients with 
AMI were treated by recombinant tissue-type plasmino- 
gen activator (rt-PA) and underwent delayed coronary 
angiography 72 hours after enrollment and angioplasty 
if indicated. We include an analysis of fibrinolytic pa- 
rameters observed in 125 consecutive patients during 
AMI. 


| rroan treatment in patients with acute 


METHODS 

One hundred twenty-five consecutive patients with 
AMI were treated with a total dose of 120 mg rt-PA 
(G11035, supplied by Boehringer Ingelheim). This dose 
was administered intravenously over 6 hours starting 
with a 10-mg bolus followed by continuous infusion of 
50 mg in the first hour, 20 mg in the second hour and 
10 mg during each of the following 4 hours. Concomi- 
tantly, heparin was infused in a bolus of 5,000 IU and 
followed by continuous infusion of 25,000 IU /24 hours. 
Aspirin (250 mg) was given daily after the first 24 
hours. All patients underwent coronary angiography 72 
hours after treatment initiation unless their clinical situ- 
ation necessitated earlier catheterization. 

Eligible patients were <72 years old. They had se- 
vere chest pain for 230 minutes, but for no longer than 
4 hours; ST-segment elevation of 20.1 mV in 22 con- 
tiguous leads; no left bundle branch block on the quali- 
fying admission electrocardiogram; no history of con- 
gestive heart failure; and no contraindication to antico- 
agulant therapy. The study protocol was approved by 
the Committees on Human Subject Research of both 
institutions, and all patients gave informed consent. 
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PLASMINOGEN ACTIVATOR INHIBITOR AND PATENCY OF INFARCT ARTERY 


TABLE I Baseline Characteristics of Patients with Patent and 
Occluded Infarct Arteries 


Patent Occluded 
Infarct Artery Infarct Artery 
(n = 28) (%) 


(n = 97) (%) 


Male sex 84 (86) 25 (89) 
Age (yrs) 57+9.2 56.4 + 9.5 
Time to treatment (minutes) 114451 113441 
Mean time of admission 09:45 A.M. 11:03 A.M. 
Location of infarction 

Anterior MI 40 (41) 7 (25) 

Inferior MI 45 (46) 15 (54) 

Previous MI 12 (12) 6 (21) 
Extent of coronary vessel disease 

1-vessel 45 (46) 15 (54) 

2-, 3-vessel 52 (54) 13 (46) 
Killip classification at admission 

Class | 86 (90) 25 (89) 

Class II to IV 10 (10) 3 (11) 


All + data are mean + standard deviation. 
MI = myocardial infarction. 


TABLE Il Clinical Outcome of Patients with Patent and 
Occluded Infarct Arteries 


Occluded 
Artery 
(n = 28) 


Left ventricular function (% LVEF) 
Admission LVEF 48+ 16 514.15 
Discharge LVEF 52415 47 +17 
Change in LVEF » 4.7 +13.6 -1.54 11.4 
Congestive heart 

failure at discharge (%) 6 (6) 3(11) 
In-hospital mortality (%) 1 (1) 2 (7) 


* p = 0.04, by Mann-Whitney rank sum test. 
LVEF = left ventricular ejection fraction. 


Coagulation parameters: Venous blood samples 
were obtained immediately before infusion of rt-PA and 
heparin, 10 minutes after completion of rt-PA infusion 
(at approximately 6 hours) and 24 hours, 48 hours and 
2 months after completion of rt-PA infusion. Blood was 
anticoagulated with 11% citrate buffer (0.06M trisodi- 
um citrate, 0.04M citric acid) and with the same antico- 
agulant containing a final concentration of 150 KIU/ml 
aprotinin (Trasylol-Bayer). Blood samples were trans- 
ferred on ice to the laboratory and immediately centri- 
fuged twice at 12,000 g for 10 minutes at 4°C. Aliquots 
of plasma were stored at —70°C for subsequent assay 
and analysis. Reference pool plasma was similarily pre- 
pared from 34 healthy subjects (18 men and 16 women; 
age range 23 to 55 years). 

Prothrombin time and activated partial thrombo- 
plastin time were measured in fresh samples without 
fibrinolysis inhibitors using routine laboratory methods. 
Fibrinogen was measured in samples containing apro- 
tinin by a modification of a previously described meth- 
od.!° Thus, 100 yl of plasma was diluted in 1 ml saline 
and clotted by 100 ul bovine thrombin 80 U/ml (Dade). 
The clot was removed by glass rods and was washed 
and dissolved in boiling 10% sodium hydroxide. Folin 
and Ciocalteu’s phenol reagent (Sigma Chemicals) was 
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added and optical density at 650 nm was converted tc 
fibrinogen concentration in mg/dl (optical density x 
0.55). The normal range of fibrinogen level was 190 tc 
470 mg/dl (+ 2 standard deviations) for 30 patients. 

Plasminogen functional assay was performed by a 2. 
stage chromogenic commercial method (Stago Diagnos: 
tica) using plasma samples containing no inhibitors o! 
fibrinolysis. An excess of streptokinase was added to di 
luted plasma and the plasminogen streptokinase com: 
plex was tested for plasmin-like activity by a chromo- 
genic substrate (30.41). The color intensity at 405 nr 
was proportional to the amount of plasminogen present 
in the sample and the results were expressed as percent 
of normal by reference to dilutions of the normal plas- 
ma pool. The normal plasminogen range was 63 tc 
118% (+ 2 standard deviations), for 38 patients. 

Tissue plasminogen activator antigen (t-PA) was 
measured by an enzyme-linked immunosorbent assay 
kit (Biopool) using plasma samples containing apro- 
tinin. Enzyme-linked immunosorbent assay plates were 
first coated with an IgG fraction of goat antihuman 
t-PA antiserum (primary antibody), plasma samples 
were applied and goat antihuman t-PA IgG conjugated 
to peroxidase was used as second antibody. After 
addition of a substrate (orthophenylenediamine), the 
amount of the color developed at 492 nm represented 
the amount of t-PA present in the sample. Dilutions of 
single-chain t-PA were used to generate a reference 
curve. Results were expressed in ng/ml and the normal 
range in 63 healthy control subjects was 0.5 to 11.7 ng/ 
ml (+ 2 standard deviations). 

Total plasma PAI activity was assayed in citrated 
plasma using a chromogenic 2-stage commercial meth- 
od (Biopool). In the first stage, a fixed amount of t-PA 
was added to plasma, allowing it to react with PAI. In 
the second stage, the sample was acidified to destroy 
plasmin inhibitors and glu-plasminogen and polylysine 
were added, allowing the residual t-PA to convert plas- 
minogen to plasmin. The generated plasmin was mea- 
sured by hydrolysis of the chromogenic substrate D- 
But-CHT-Lys-pNA (Stago), and the amount of devel- 
oped color was proportional to the amount of t-PA 
activity in the sample. The PAI activity was calculated 
from the difference between the amount of t-PA added 
and the residual amount of t-PA found. The t-PA was 
calibrated with respect to an international standard. 
The normal range of PAI was 3.1 to 17.5 IU/ml (+ 2 
standard deviations) for 29 patients. 

Clinical definitions: INFARCTION: The diagnosis of 
AMI was confirmed by either an increase of creatine 
kinase-MB fraction >5%, or appearance of a new Q 
wave not present on the entry electrocardiogram. 

PATENCY OF THE INFARCT-RELATED CORONARY ARTERY: 
Definition of arterial patency involved a consensus read- 
ing of all angiograms by the same 2 coronary angiog- 
raphers, who were blinded to the clinical course of the 
patients except for the electrocardiographic localization 
of the infarction. The severity of coronary artery disease 
was determined by visual assessment of the reduction in 
luminal diameter. 


Statistical analysis: Group data are expressed as 
mean + standard deviation. Differences between the 
groups with patent and occluded infarct arteries were 
analyzed by Mann-Whitney rank sum test due to in- 
equality of variances. 


RESULTS 

Baseline characteristics and clinical outcome: Coro- 
nary angiography, performed 72 hours after beginning 
rt-PA infusion in 125 patients, revealed patent infarct 
arteries in 97 patients and occluded arteries in 28 pa- 
tients. The baseline clinical characteristics were similar 
in these 2 groups (Table I). However, patients with oc- 
cluded infarct arteries had a less favorable clinical 
course than patients with patent arteries, as reflected by 
deteriorating left ventricular function and by a higher 
incidence of congestive heart failure on discharge as 
well as increased mortality (Table II). However, only 
the change in left ventricular ejection fraction was of 
borderline statistical significance. 
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FIGURE 1. Change in `% 
fibrinogen blood levels in 2 
patients with patent and © 
arteries. 2 
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FIGURE 2. Change in plasminogen blood 
levels in patients with patent and occluded 
infarct arteries. 


Plasminogen (% of normal) 
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Fibrinolytic parameters: FIBRINOGEN: Figure 1 shows 
the changes in mean fibrinogen levels in 97 patients 
with patent infarct arteries and 28 patients with occlud- 
ed infarct arteries. Although the pretreatment fibrino- 
gen level was similar in both groups, patients with an 
occluded infarct artery had a significantly higher mean 
fibrinogen level immediately after the rt-PA infusion 
was completed (6 hours) and at 24 and 48 hours. 

PLASMINOGEN: A slightly more pronounced decrease 
in plasminogen level was observed immediately after 
treatment in patients with patent infarct arteries (Fig- 
ure 2), but the difference reached only borderline signif- 
icance. At all other data points, mean plasminogen lev- 
els were similar in both groups. 

TISSUE PLASMINOGEN ACTIVATOR: The mean pretreat- 
ment t-PA level in patients with occluded infarct arter- 
ies was significantly higher than the mean level in pa- 
tients with patent arteries (13.1 + 5.8 vs 11.1 + 6.1 ng/ 
ml, p <0.05). At the end of rt-PA infusion levels of t- 
PA were also higher in patients with occluded infarct 
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PLASMINOGEN ACTIVATOR INHIBITOR AND PATENCY OF INFARCT ARTERY 


TABLE Ill PAI in Patients with Patent and Occluded Infarct 
Arteries 


PAI Levels (IU/ml) 
Timing of 
Examination 


Patent Artery 


Occluded Artery p Value* 


Pretreatment 10+9.3 18+11.5 
No. 

At 2 months 

No. 


* by Mann-Whitney rank sum test. 
All + data are mean + standard deviation. 
NS = not significant; PAl = plasminogen activator inhibitor. 


arteries (483 + 371 vs 392 + 715 ng/ml, p = 0.01). It 
is interesting to note that the mean pretreatment t-PA 
level in both groups was significantly higher than the 
mean t-PA level in healthy control subjects (6.12 + 2.8 
ng/ml, n = 63). 

PLASMINOGEN ACTIVATOR INHIBITOR: Pretreatment 
PAI levels were significantly higher in patients with oc- 
cluded infarct arteries (Table III, Figure 3). However, 
no difference in PAI activity was found between pa- 
tients with occluded infarct arteries and patients with 
patent arteries when these parameters were measured 2 
months after enrollment. Furthermore, the latter values 
were indistinguishable from PAI levels in healthy con- 
trol subjects (10.3 + 3.6 IU/ml, n = 29). 


DISCUSSION 

Previous studies of AMI have failed to show an asso- 
ciation between the extent of systemic fibrinolysis and 
the patency of infarct arteries demonstrated by coro- 
nary angiography.*:'' Our data also show no difference 
in the extent of fibrinogen decrease during the 6 hours 
of rt-PA infusion in patients with occluded infarct arter- 
ies and patients with patent arteries (Figure 1). We ob- 
served a small but insignificant difference in the magni- 
tude of decrease in plasma plasminogen; the decrease 
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66.6% 


from baseline plasminogen levels to those immediatel 
after treatment (6 hours later) was greater in patient 
with patent arteries (Figure 2). However, we found the 
the initial level of PAI activity in patients whose infar« 
arteries were occluded 72 hours after thrombolytic the: 
apy was significantly higher than the initial level of PA 
in patients whose infarct arteries were patent after 7 
hours. The patients with occluded infarct arteries als 
had higher initial levels of t-PA that may stem from th 
sensitivity of the assay to t-PA as well as t-PA-PA 
complexes. 

An increase in PAI activity is associated with a re 
duction in fibrinolytic activity and thrombotic phenome 
non.!? Resting levels of PAI are higher in patients wit) 
known coronary artery disease.”%:!2!3 Recently, concen 
trations of PAI more than twice as high as in health 
control subjects have been reported in patients wit) 
AMI during the acute phase of infarction.!4 These find 
ings suggest that an increase in PAI activity may reduc 
fibrinolytic capacity and have a pathogenic role in thi 
evolution of AMI. The fact that PAI values were nor 
mal after 2 months in our patients with occluded infarc 
arteries suggests that PAI activity was only transienth 
increased at the time of the AMI. 

Because PAI is an acute-phase reactant,!5-!7 the in 
creased levels in patients with occluded infarct arterie: 
could have been the result of a more extensive AMI or z 
longer lag between onset of symptoms and treatment ir 
these patients. However, the interval between symptom: 
onset and rt-PA infusion and the baseline parameter: 
that reflected the severity of the AMI were similar ir 
the 2 groups of patients (Table I). In addition, the inci: 
dence of diabetes mellitus, cigarette smoking and hyper- 
lipidemia also did not differ in the 2 groups (data not 
shown). 

Diurnal variation of PAI has recently been de- 
scribed,'*!° and therefore the time of day when the 
AMI occurred could have affected our results. How- 
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ever, the time of admission of patients with occluded 
and patent infarct arteries was similar (Table I). 

Thus, we have no explanation for the increase in 
PAI levels in patients whose arteries were occluded 72 
hours after treatment. However, the more important 
question is: to what extent did the increase in PAI con- 
tribute to the less favorable outcome in these patients? 
It seems unlikely that it interfered with the rt-PA treat- 
ment itself because the large doses of rt-PA adminis- 
tered should have overwhelmed all plasma PAI activity 
during the infusion. However, if PAI levels were high 
when the initial thrombus formed, the natural thrombo- 
lytic process could have been hampered, resulting in a 
more stable thrombus. Furthermore, if a relatively large 
number of platelets containing large amounts of 
PAI?! were incorporated in the thrombus, the throm- 
bus would be less vulnerable to thrombolysis. A stable 
thrombus that totally occluded the infarct artery would 
impair perfusion, and might therefore limit exposure of 
the clot to the infused rt-PA. 

Because angiography was performed only 72 hours 
after thrombolytic therapy, the possible dynamic 
changes in the coronary thrombi that finally resulted in 
reocclusion or patency could not be evaluated. Thus, in 
some of our patients whose infarct arteries were occlud- 
ed, recanalization may have been initially successful, 
but was followed by reocclusion. Similarly, in some of 
the patients whose arteries were patent after 72 hours, 
thrombolysis may have occurred spontaneously before 
treatment began. Such spontaneous recanalization is 
known to occur in up to 20% of patients with AMI,° 
and may reflect a more responsive fibrinolytic system. It 
seems likely that the 28 patients with occluded infarct 
arteries after 72 hours represent a converse group of 
patients with a less responsive fibrinolytic system. 
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Cardiac Event Rate After Non-Q-Wave Acute 
Myocardial Infarction and the Significance 
of Its Anterior Location 


Walter Kao, MD, Fareed Khaja, MD, Sidney Goldstein, MD, and Mihai Gheorghiade, MD 





To correlate cardiac event rate with infarct location 
on the electrocardiogram in patients recovering 
from a non-Q-wave acute myocardial infarction 
(AMI), 135 consecutive patients with enzymatically 
proven non-Q-wave AMI were followed prospec- 
tively for a median of 9.9 months. Of these, 65 pa- 
tients were classified as having had an anterior 
non-Q-wave AMI, defined as new ST- or T-wave 
changes, or both, in leads V; through V, (group 1). 
The remaining 70 patients were classified as hav- 
ing had inferior or lateral non-Q-wave AMI, or 
both, defined as ST- or T-wave changes in 2 con- 
secutive leads (Il, Il aVF; Il and aVL or V5 and Ve) 
(group 2). At baseline group | was older and had a 
higher incidence of previous AMI than group 2. 
After adjusting for baseline variables, the patients 
in group I had a 29% reinfarction and 32% mortal- 
ity rate, which was significantly higher (p <0.002 
for both) when compared to group 2, which had a 
reinfarction and mortality rate of 8 and 9%, re- 
spectively. Patients with anterior non-Q-wave AMI 
are at very high risk for developing a major cardiac 
event very soon after the index AMI. This high risk 
is probably related to a larger area of residual isch- 
emic but viable myocardium in the infarct-related 
artery when compared to inferolateral non-Q-wave 
AMI. 

(Am J Cardiol 1989;64:1236-1242) 
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now a generally accepted term describing a 
clinical infarct without the appearance of a new 

pathologic Q wave and is generally associated with a 
modest elevation of the serum cardiac enzymes.!3 

The in-hospital mortality in non-Q-wave AMI is 
lower when compared to a Q-wave AMI.3>5 This is be- 
lieved to be the result of a smaller amount of myocardi- 
al necrosis in non-Q-wave AMI and therefore a reduced 
risk of dysfunction after AMI, a major cause of in-hos- 
pital mortality. Despite this initial advantage observed 
in patients with non-Q-wave AMI, the incidence of 
postinfarction angina and recurrent infarction is higher 
and long-term mortality is similar to that of patients 
with Q-wave AMI.!-24-8 This increase in postinfarction 
cardiac event rate is believed to be due to a significant 
amount of residual viable myocardium in the perfusion 
zone of a patent but stenosed infarct-related artery that 
is at risk for further ischemic insult on reocclusion.!:7 
Although medical therapy has been shown to reduce the 
rate of reinfarction’ but not mortality during the first 2 
weeks after non-Q-wave AMI, the definitive manage- 
ment of the patient with non-Q-wave AMI remains con- 
troversial. !-4 

Because of this high risk for recurrent cardiac events 
after non-Q-wave AMI, it has been suggested that all 
patients recovering from a non-Q-wave AMI undergo 
coronary angiography.” Because non-Q-wave AMI pa- 
tients tend to represent a heterogenous group,!°-23 it 
is important to determine if any particular subgroup 
might be at increased risk for developing postinfarction 
ischemic events. We determined the importance of elec- 
trocardiographic infarct location in the identification of 
a subgroup of non-Q-wave AMI patients at risk for 
postinfarction cardiac events. 


Noor acute myocardial infarction (AMI) is 


METHODS 

Patient selection: The study population was selected 
from 1,069 consecutive patients admitted to the Henry 
Ford Hospital cardiac care unit between August 1, 
1986, and June 1, 1987. Of these, 348 were determined 
to have had an AMI as defined by (1) typical history of 
chest discomfort for >30 minutes’ duration; (2) total 
peak serum creatine phosphokinase >200 IU/liter; (3) 
serum creatine phosphokinase-MB isoenzyme >12 U 
and >5% of total creatine phosphokinase; and (4) typi- 
cal increase and decrease pattern of total creatine phos- 
phokinase and MB isoenzyme. Of these 348 patients 


with acute infarction, 135 patients did not evolve new 
pathologic Q waves during the cardiac care unit stay, 
have left bundle branch block or pacemaker-dependent 
rhythm or present with Q-wave equivalent such as an 
R:S ratio >1.0 in lead V, suggestive of a posterior? 
AMI; or have embryonic R waves in leads V; to V4.2> 
These 135 patients constituted the non-Q-wave AMI 
population and were divided into 2 groups according to 
infarct location. Although ST- and T-wave changes 
were not a requirement for enrollment in the study, 92% 
had significant ST- and T-wave changes. Patients with 
2=1-mm ST-segment depression or elevation and/or bi- 
phasic or inverted T waves in at least 2 consecutive 
leads (V; to V4) were defined as anterior non-Q-wave 
AMI (group 1). Patients with > 1-mm ST depression or 
elevation and/or biphasic or inverted T waves in 22 
consecutive leads (II, I, aVF; I and aVF; I and aVL, 
V; and V6) were designated as inferior and/or lateral 
non-Q-wave AMI (group 2). In 12 patients (8%) the 
AMI could not be localized. These patients were arbi- 
trarily entered in the inferior and/or lateral group. In 
the anterior group, 80% had T-wave changes, whereas 
ST-segment elevation or depression was present in 25 
and 18%, respectively. In the inferolateral group, 68% 
had T-wave changes; 28 and 23%, respectively, had ST 
elevation and depression. 

Clinical evaluation: Patients were evaluated at the 
time of admission and then on a daily basis by a cardiol- 
ogist for the duration of the cardiac care unit stay. Se- 
rum creatine phosphokinase isoenzymes were deter- 
mined on arrival to the hospital and repeated at 8-hour 
intervals for 32 hours, with repeat isoenzyme measure- 
ments as dictated clinically. Electrocardiograms were 
obtained at 12-hour intervals for the first 24 hours and 
then on a daily basis. On the day of discharge from the 
hospital, a comprehensive hospital discharge form was 
completed by a research nurse. If a patient had >1 non- 
Q-wave AMI during this time period, only the first was 
used in the analysis. In patients undergoing coronary 
angiography the number of diseased vessels and jeopar- 
dized myocardial segments were identified with the 
methodology previously described.” 

Clinical follow-up: After hospital discharge, patients 
were followed through telephone interviews at 2, 4, 6 
and 12 months or at the time of scheduled appointments 
in the cardiology clinic. Treatment was at the discretion 
of the patient’s personal cardiologist. Median follow-up 
period was 9.9 months (range 2 days to 17 months). All 
repeat hospitalizations necessitating return to the cardi- 
ac care unit were recorded. Recurrent infarctions were 
documented by repeat cardiac enzyme profiles and elec- 
trocardiograms. In the event of patient death, the date, 
cause of death and antecedent symptoms were estab- 
lished, if possible. Follow-up data through December 
31, 1987, were used in this study. 

Statistical analysis: Fisher exact 2-sided tests and 2 
sample ź tests were used for the univariate analyses of 
categorical and continuous variables, respectively, when 
comparing non-Q-wave AMI anterior to inferior and/or 
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TABLE I Baseline Characteristics 


Mean age (yrs) 
Sex (m) (%) 
White (%) 

Risk factors (%) 


Hypertension 
Smoking 
Family history of CAD 
Hypercholesterolemia 
Diabetes 

Past medical history (%) 
Angina pectoris 
Myocardial infarction 
PTCA/CABG 


CABG = coronary artery bypass graft; CAD = coronary artery disease; NQMI = non- 
Q-wave myocardial infarction; PTCA = percutaneous transluminal coronary angio- 


plasty. 


TABLE Il Clinical Profile in Non-Q-Wave Myocardial Infarction 


Admission physical examination 
Mean systolic BP (mm Hg) 
Mean diastolic BP (mm Hg) 
Mean heart rate (beats /min) 
Pulmonary rales 
S3 gallop 

Laboratory data 
Serum potassium (mEq /liter) 
Serum sodium (mEq/L) 
Serum creatinine (mg/dl) 
Peak SGOT (IU /liter) 

Peak creatine kinase units 


* log transformation. 


BP = blood pressure; LVEF = left ventricular ejection fraction; NQMI = non-Q-wave 
myocardial infarction; SGOT = serum glutamic-oxaloacetic transaminase fraction. 


TABLE Ill Medical Therapy for Non-Q-Wave Myocardial 
Infarction 


Medical therapy (CICU) (%) 
Lidocaine 
Procainamide 
B blockers 
Calcium antagonists 
Nitrates preparation 
Heparin 
Vasodilator—lV 
Vasodilator—oral 
Vasopressor 
Digoxin 
Diuretics 


CICU = cardiac intensive care unit; IV = intravenous; NQMI = non-Q-wave myocar- 


dial infarction. 


NOMI 
Anterior 
(n = 65) 


69 + 10 
27 (44) 
30 (54) 


48 (74) 
29 (45) 
24 (37) 
24 (37) 
21 (32) 


34 (52) 
24 (37) 
8 (12) 


NQMI 
Anterior 
(n = 65) 


137 + 24 
792415 
88 + 20 

49% 

31% 


4.2+0.6 
138+ 3 

14+1.7 
8l +74 


997 + 1224 


NQMI 
Anterior 
(n = 65) 


NQMI 
Inferior 
and/or 
Lateral 
(n = 70) 


62+13 
39 (58) 
34 (54) 


44 (63) 
38 (54) 
28 (40) 
17 (25) 
25 (36) 


43 (61) 
14 (20) 
6 (8) 





NQMI 
Inferior 
and/or 
Lateral 
(n = 70) 


142 + 35 
82+ 16 
80+ 18 

20% 

12% 


4.2+04 
138+4 

1.1 1.4 
67 + 48 


684 + 596 


NQMI 
Inferior 
and/or 
Lateral 
(n = 70) 


18 (26) 
1 (1) 
26 (37) 
46 (66) 
62 (89) 
28 (40) 
6 (9) 
20 (29) 
2 (3) 
13 (19) 
36 (51) 
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ANTERIOR NON-Q-WAVE MYOCARDIAL INFARCTION 








TABLE IV Complications in the Coronary Intensive Care Unit 


NOMI 

Inferior 
NQMI and/or 
Anterior Lateral 
(n = 65) (n = 70) 






p Value 













Asystole (%) 
Hypotension (<100 mm Hg) (%) 15 (23) 8 (11) >0.10 
Hypertension (>150 mm Hg) (%) 9 (14) 13 (19) >0.49 
Cardiogenic shock (%) 5 (8) 0 (0) <0.03 
Heart failure (%)* 23 (35) 7 (10) <0.001 

















Pulmonary edema (%) 7 (12) 2 (7) >0.35 
Ventricular fibrillation (%) 3 (5) 2 (3) >0.67 
Pericarditis (%) 1 (2) 0 (0) >0.48 
Mitral regurgitation (%) 4 (6) 1 (1) >0.19 
Postinfarction angina (%) 15 (23) 14 (20) >0.68 
Death (%) 4 (5) 0 (0) >0.10 





* Includes cardiogenic shock and pulmonary edema. 
NQMI = non-Q-wave myocardial infarction. 


lateral locations. Before a t test was performed on cre- 
atine phosphokinase serum concentrations, a log trans- 
formation was performed to stabilize the variance. 

Simple proportions and relative risks with 95% confi- 
dence intervals were used to describe the occurrences of 
death, recurrent AMI and coronary artery bypass sur- 
gery or percutaneous transluminal coronary angioplasty 
for the 2 groups. Confidence intervals with ranges that 
included 1.0 were considered to indicate no increased 
risk. 

Log-rank analyses, which adjust for varying lengths 
of follow-up time, were used to compare the cardiac 
events. 

Cox proportional hazards regression analyses were 
used to adjust for baseline variables and complication of 
heart failure before comparing death and recurrent 
AMI rates for the 2 groups. Also, stepwise Cox propor- 
tional hazards regression was used to determine which 
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variables were the most important in predicting re 
infarction or death. The variables used are listed in Ta 
bles I and II and include AMI location (anterior anı 
inferior and/or lateral). 


RESULTS 

Baseline clinical characteristics are listed in Table ] 
There are no significant differences between the | 
groups with the exception of age and prior AMI. 

Clinical profile during the cardiac care unit stay i 
listed in Table II. There was an increased incidence o 
clinical heart failure early during cardiac care unit sta’ 
in the anterior group (35%) compared to 10% in th 
inferior and/or lateral group (p <0.001). 

Medical therapy and complications in the cardia 
care unit are listed in Tables II] and IV. There was ni 
difference in types of medications received, procedure 
performed or types of arrhythmias in the 2 groups dur 
ing the cardiac care unit or hospital stay. 

Coronary angiography was performed before dis 
charge from the hospital in 29 of 65 patients (45%) witl 
an anterior non-Q-wave AMI and in 41 of 70 patient: 
(59%) in the inferior and/or lateral group. The ejectior 
fraction was 54 + 16% in the anterior group and 63 4 
14% in the inferolateral group (p = 0.02). The numbe: 
of diseased vessels in the 2 groups was not significantly 
different: 2.2 + 0.6 versus 1.8 + 1, for anterior anc 
inferior and/or lateral non-Q-wave AMI, respectively 
Patency rate of the infarct-related artery was 75% fo: 
anterior compared to 70% in the inferior and/or latera 
non-Q-wave AMI group (p = 0.7). However, the num 
ber of jeopardized myocardial segments was higher ir 
the anterior group, 1.7 + 0.8 compared to 1.1 + 1.0 ir 
the inferior and/or lateral group (p = 0.007). 

Total unadjusted event incidence during follow-uy 
for recurrent infarction, mortality and revascularizatior 
are shown in Figure 1. 


Anterior 


CJ inferior/lateral 
non-Q 


FIGURE 1. Unadjusted cardiac event rate 


angioplasty at a median of 9.9 RINA a of 
follow-up. CABG = coronary artery by- 
pass graft; non-QMI = non-Q-wave myo- 
cardial infarction; PTCA = percutaneous 
transluminal coronary angioplasty. 


Death Reinfarction Reinfarction CABG or 


or Death 


Relative Risk 4.1 3.3 


95% Confidence .6-8. 1.6-10.3 
Interval 
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PTCA 


0.9 





Kaplan-Meier curves for recurrent infarction, cardi- 
ac mortality and either of the 2 events are shown in 
Figures 2, 3 and 4. In the anterior non-Q-wave AMI 
group, 48% (31 of 65) had had either reinfarction or 
cardiac death at last follow-up compared to 14% (10 of 
70) for the nonanterior non-Q-wave AMI group (p 
<0.001, log-rank test). Many events in the anterior 
group occurred during hospitalization. However, the 
event rate during cardiac care unit stay (mean 2.0 + 1 
days) was low: 7% in the anterior group and 2% in the 
inferior and/or posterior group. Fifteen (23%) with an- 
terior non-Q-wave AMI and 1 (1%) with inferior and/ 
or lateral non-Q-wave AMI experienced an event before 


FIGURE 2. Kaplan-Meier probabilities for 
no reinfarction in patients with anterior 
non-Q-wave AMI (solid line) and with 
inferior and/or lateral non-Q-wave AMI 
(dotted line). Comparisons of subgroup 


PROBABILITY OF NO REINFARCTION 


ah Ul D les alec aroda IDAD 
through each time point. 


FIGURE 3. Kaplan-Meier probabilities of 
survival in patients with anterior non-Q- 
wave AMI (solid line) and with inferior 
and/or lateral non-Q-wave AMI (dotted 
line). Abbreviations as in Figure 2. 


PROBABILITY OF SURVIVAL 





discharge from the hospital. Postinfarction angina was 
present in 21 of 31 patients (68%) who reinfarcted or 
died in group I and in 30% in group II. 

The differences in survival and reinfarction between 
the 2 groups were statistically significant after adjusting 
for baseline variables including age and complication of 
heart failure in the Cox regression model. Even when 
patients with prior AMI were excluded, mortality in the 
anterior group was 44% (18 of 41 patients) and 11% (6 
of 56 patients) in the inferolateral group (p <0.0001). 
Stepwise Cox proportional hazards regression showed 
that anterior location, along with nitrate use before 
AMI, was the strongest predictor of reinfarction or 


p< 0.002 


TIME IN MONTHS 


p<0.002 


6 9 12 


TIME IN MONTHS 
61 42 
43 36 
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death. After adjusting for these variables, patients with 
anterior location were 7.2 (p <0.0001, 95% confidence 
interval [2.8, 18.6]) times as likely to have a reinfarc- 
tion or die than patients with an inferior and/or lateral 
location. In view of the increased incidence of cardiac 
care unit complications due to left ventricular dysfunc- 
tion, log-rank analysis was performed on the patients 
who did not show any evidence of heart failure during 
the cardiac care unit period (Figure 5). Even in this 
group there was a significantly higher frequency of 
postinfarction events, both reinfarction and mortality, 
among patients with anterior non-Q-wave AMI. 

Events for the patients undergoing revascularization 
procedures performed before discharge are shown in 
Figure 6. Among the patients undergoing postinfarction 
percutaneous transluminal coronary angioplasty or cor- 
onary artery bypass surgery, 3 patients died and 1 had a 
reinfarction (20%) in the anterior group, and 1 patient 
died and | had a reinfarction (8%) in the inferolateral 
group. When these patients who died in the postopera- 
tive period (30 days) are excluded, the mortality in the 
anterior group was 29% compared to 7.2% in the infero- 
lateral group (p <0.0009). 


DISCUSSION 

Our data indicate that the clinical outcome among 
patients with a non-Q-wave AMI is not uniform. In par- 
ticular, patients who experience a non-Q-wave anterior 
electrocardiographic infarct location experience a very 
early increased rate of reinfarction and death when 
compared to inferior and/or lateral non-Q-wave AMI. 
Our data suggest that this increased event rate in the 
anterior non-Q-wave AMI group may be related to a 
larger infarct reflected by a lower ejection fraction and, 
more importantly, by a larger area of viable but jeopar- 
dized myocardium in the infarct-related vessel. 
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Clinical significance of non-Q-wave acute myocardi: 
al infarction: Our data support the concept that the 
non-Q-wave AMIs comprise a clinically heterogenou: 
population.!°-23 Gibson et al?” noted an increased rate 
of reinfarction and mortality in non-Q-wave AMI pa: 
tients with postinfarction angina. Boden et al showec 
that non-Q-wave AMI associated with ST-segment de 
pression? or hypertension”? is associated with increasec 
risk for future events. 

We observed that patients with anterior non-Q-wave 
AMI had a larger number of jeopardized myocardia 
segments distal to infarct-related coronary artery steno 
sis when compared to the inferior and/or lateral non-Q. 
wave AMI patients. This increased jeopardized myocar: 
dial area may place the subgroup of anterior non-Q. 
wave AMI patients at greater risk.2° Patients witl 
non-Q-wave AMI due to left anterior descending artery 
stenosis may progress rapidly from minimal nontrans. 
mural necrosis to massive transmural infarction.2? Ou 
data, in agreement with Boden et al,>° indicate that this 
event is very accelerated and confined to the first few 
weeks after the index anterior non-Q-wave AMI. This is 
in sharp contrast with the inferolateral group, whose 
course is relatively benign. This may be related to a 
completed infarct or a small area of residual ischemic 
but viable myocardium in the territory of the right coro- 
nary artery or circumflex artery. 

Our data indicate patency rate is high, and similar 
in both anterior (75%) and inferolateral (70%) groups. 
in contrast to a previous report. It is likely that early 
spontaneous reperfusion is occurring during the initia] 
phase in the majority of non-Q-wave AMI patients.” In 
fact, DeWood et al! reported that total coronary occlu- 
sion is infrequently observed in the early hours of non- 
Q-wave AMI. Regardless of the mechanism, the signifi- 
cantly larger area of residual viable myocardium ob- 


p< 0.0009 


FIGURE 4. Kaplan-Meier probabilities of 
no reinfarction or death in patients with 
anterior non-Q-wave AMI (solid line) and 
with inferior and/or lateral non-Q-wave 
AMI (dotted line). Abbreviations as in 
Figure 2. 


served in anterior non-Q-wave AMI may account for 
the higher incidence of clinically significant ischemic 
events on occlusion or reocclusion of the infarct-related 
artery. 

Study limitations: Some of the baseline characteris- 
tics of the 2 groups were different. Patients with anteri- 
or non-Q-wave AMI were older and had a higher inci- 
dence of previous AMI and developed more heart fail- 
ure in the coronary care unit. However, this is a study 


FIGURE 5. Probability of no reinfarction 
or death in patients without complication 
of heart failure. There were 42 patients in 
the anterior group and 63 patients in the 
inferolateral group. Abbreviations as in 
Figure 2. 


PROBABILITY OF NO REINFARCTION OR DEATH 


the inferior and/or lateral group. NS = not 
significant. Other abbreviations as in 
Figure 2. 
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of consecutive patients and thus it is generalizable to all 
admissions with non-Q-wave AMI. These characteris- 
tics add to the ability to stratify patients recovering 
from non-Q-wave AMI. Cox regression analysis was 
used to adjust for baseline differences between the 2 
groups and support the unique importance of the anteri- 
or location. 

Clinical implications: Our data support the prior ob- 
servation?’ that anterior non-Q-wave AMIs appeared to 
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TIME IN MONTHS 


53 35 23 
24 19 10 


TIME IN MONTHS 


22 14 
15 11 
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DIPYRIDAMOLE-THALLIUM AFTER UNCOMPLICATED MYOCARDIAL INFARCTION 


TABLE I Individual Findings in Patients with Events 


Time 
to 
Initial Event . Dip-Tl Submaximal LVEF Late 
. Event (wks) Result Exercise Outcome 


MI, death 


CABG = coronary artery bypass grafting; DIP-Tl = dipyridamole-thallium scan; LVEF 
= left ventricular ejection fraction; MI = myocardial infarction; UAP = unstable angina 
pectoris; + = positive; ++ = markedly positive; 0 = negative. 





>30 minutes; (2) creatine kinase increase above normal 
with >5% MB; or (3) electrocardiographic changes 
with development of Q waves or persistent ST depres- 
sion or T-wave inversions. All patients gave informed 
consent to a protocol approved by the hospital’s human 
studies committee. Patients were excluded if serious 
noncardiac disease, unstable angina not controlled with 
medication, congestive heart failure, uncontrolled ven- 
tricular ectopy, thrombolytic therapy, valvular or con- 
genital heart disease, previous coronary bypass surgery 
or contraindication to dipyridamole infusion was pres- 
ent. Patients who could not exercise due to noncardiac 
limitations were also excluded. 

Dipyridamole was infused first and initial images 
were obtained. Patients returned 4 hours later for image 
acquisition. After these images a submaximal treadmill 
exercise electrocardiogram was performed. On the fol- 
lowing day patients had a radionuclide ventriculogram. 
The test results were made available to the physicians 
who made clinical decisions regarding patient care. Sev- 
enty-eight percent of patients were discharged receiving 
6 blockers, 72% receiving calcium antagonists and 68% 
receiving aspirin. Six weeks later patients free of events 
underwent a maximal treadmill exercise thallium test. 
Follow-up was at 6 weeks and 6 months and was 
achieved in 100% of patients enrolled in the protocol. 
Twenty-two of the 40 patients (55%) underwent cardiac 
catheterization. 

Dipyridamole-thallium imaging protocol: The dipy- 
ridamole-thallium imaging protocol has been previously 
detailed.!2:!7.!8 Beta blockers were continued if clinically 
indicated but nitrates and calcium antagonists were 
withheld on the morning of testing. Dipyridamole for 
intravenous use was obtained from Boehringer-Ingel- 
heim, under an investigational exemption for a new 
drug (no. 19,728). Thallium-201 was injected 10 min- 
utes after the start of the dipyridamole infusion. Images 
were obtained in the anterior, 45° and 70° left anterior 
oblique views and repeated 4 hours later. 

Definition of vascular territories: The location with- 
in or outside the infarct zone was assessed by dividing 
the left ventricle into coronary territories. The left ante- 
rior descending coronary territory consisted of the ante- 
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rolateral segment in the anterior view, the septal seg 
ment in the left anterior oblique view and the anterio! 
segment in the lateral view. The right coronary artery 
territory consisted of the inferior segment in the anterio! 
and lateral views. The circumflex territory consisted o 
the posterior segment in the left anterior oblique view 
The apex was ascribed to a particular territory based o1 
the severity of adjacent perfusion defects. Therefore, thi 
presence of isolated apical redistribution could not rep 
resent ischemia in any remote territory. The territor 
with the least initial thallium uptake was considered thi 
infarct zone. If there were no fixed thallium perfusio1 
deficits and redistribution was present in only 1 territo 
ry, this territory was considered the infarct zone and thi 
redistribution therefore represented ischemia within thi 
infarct zone. 

Submaximal treadmill exercise protocol: Antiisch 
emic medications were managed as for dipyridamole 
thallium testing.!? Patients were exercised according t 
a submaximal Bruce protocol (stages 0, 0.5, 1 and 2 fo 
3 minutes each) with continuous 12-lead electrocardio 
graphic monitoring. Testing was continued until attain 
ment of a heart rate of 130 beats/min, or 70% of thi 
age-predicted maximum, attainment of a diagnostic ST 
segment depression (>1.5 mm) or a maximum of 17 
minutes of exercise had been performed. 

Radionuclide ventriculography protocol: The radio 
nuclide ventriculogram at rest was performed using pre 
viously reported methods.?®?! Antiischemic medication: 
were managed as for the dipyridamole-thallium testing 

Maximal treadmill exercise thallium protocol: Pa 
tients returned 6 weeks after discharge. All antiischemi 
medications were withheld before testing in the absence 
of symptoms. Beta blockers were discontinued 48 hour: 
before testing. Nitrates and calcium antagonists wers 
stopped at least 12 hours before testing. Exercise wa: 
performed using a standard Bruce protocol.®?? Thalli: 
um-201 was injected intravenously at near-peak effor 
and patients exercised for an additional 60 seconds 
Thallium imaging was performed in the same manne: 
as above. 

Definition of test results: All test data and image: 
were reviewed by 2 observers blinded to clinical out 
comes, and were categorized into 1 of 3 groups. The 
prospectively defined criteria are (1) dipyridamole-thal: 
lium: negative—no thallium redistribution, positive— 
presence of any defect that redistributed on delayec 
imaging, and markedly positive—redistribution in =] 
coronary territory outside the infarct zone as previously 
defined; (2) submaximal exercise electrocardiogram 
positive—21l-mm ST depression (horizontal or down. 
sloping) or angina pectoris, and markedly positive—2- 
mm ST depression (horizontal or downsloping) or 21- 
mm of ST depression (horizontal or downsloping) and a 
decrease in blood pressure of 220 mm Hg with exer- 
cise; and (3) maximal exercise treadmill thallium test 
positive—presence of a defect that redistributed on de- 
layed imaging or =1l-mm ST depression (horizontal o1 
downsloping) or the development of angina with exer- 
cise, and markedly positive—redistribution in a coro- 








: ABLE Il Correlations of Clinical Data and Test Results with Cardiac Events 





Predischarge 
All Patients Bypass Surgery No Event Six-Month ; 
n (n = 40) {n= 4) (n = 28) Event (n = 8*) p Value 
“Age (yrs) 57 + 10 60 + 10 58 +10 57 +10 NS 
CK maximum (U /liter) 585 + 637 393 + 250 497 + 310 990 + 1268 NS 
(normal = 0-150) 
_. Male sex (%) 36 (90) 4 (100) 26 (93) 6 (75) NS 
© Q wave (%) 22 (55) 1 (25) 15 (54) 6 (75) NS 
Dipyridamole-thallium (%) 
Chest pain 12 (30) 3 (75) 4 (14) 5 (63) 0.04? 
ST depression 6 (15) 2 (50) 1 (4) 3 (38) 0.08f 
Negative 9 (23) 0 (0) 8 (29) 1 (12) — 
Positive 31 (77) 4 (100) 20 (71) 7 (88) NSS 
Markedly positive 16 (40) 4 (100) 7 (25) 5 (63) 0.044 
Submaximal exercise ECG (%) 
Negative 24 (60) 1 (25) 20 (71) 3 (37) = 
Positive 16 (40) 3 (75) 8 (28) 5 (63) 0.07*5 
Markedly positive 6 (15) 2 (50) 2(7) 2 (25) NS 
__ Radioventriculogram (%) i 
Resting ejection fraction 45410 3649 46 +10 47+9 NS p 


* Events: death (1), myocardial infarction (3), equiriny 7 é 
(prospectively defined endpoint); $ positive test includes markedly positive tests for analysis. 


nary territory outside the infarct zone (see dipyrida- 
mole-thallium criteria), increased thallium activity in 
the lung, 2-mm ST depression (horizontal or downslop- 
ing) or a decrease in blood pressure of 220 mm Hg 
with exercise. i 
Definition of clinical er its: Clinical endpoints 
were prospectively divided into 2 distinct groups: (1) 
cardiac events—cardiac death, defined as that occur- 
ring within 1 hour of onset of cardiac symptoms or 
death associated with other cardiac manifestations for 
which the patient required hospitalization, ventricular 
fibrillation or sustained ventricular tachycardia (>10 
beats), recurrent myocardial infarction and rapidly pro- 
gressive angina pectoris with minimal exercise or angina 
at rest requiring urgent hospitalization and (2) severe 
ischemic potential without an event—angiographically 
documented left main (>70%) or 3-vessel coronary ar- 
tery disease defined as proximal, >70% lesions, coro- 
nary bypass surgery or coronary angioplasty and mark- 
edly positive 6-week maximal exercise thallium test. 
- These cardiac events were chosen as naturally occur- 
_ ring endpoints to define a group of patients with clearly 
adverse outcomes. Three-vessel coronary artery disease 
< at catheterization, coronary bypass surgery or coronary 
angioplasty per se were not included in the definition of 
cardiac events because the decision to perform catheter- 
ization or surgery may be subjective and influenced by 
noninvasive test results, and by itself is not an adverse 
outcome. Although this seems reasonable, this would 
- exclude some patients who had evidence of severe dis- 
© ease and were at risk for an adverse outcome but in 
. whom an event did not evolve within 6 months. For this 
< reason we defined a secondary endpoint termed “severe 
-ischemic potential without an event.” The data for these 
2 endpoints were analyzed separately and then grouped 
together. = 
analyses 







Fisher exact test was used in 





unstable angina requiring hospitalization (4); t Fisher's exact test (retrospective analysis); * life table analysis—Mantel-Cox statistic i 
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patients with and without events. Student ¢ test or 
Mann-Whitney tests were used to evaluate 2-tailed lev- 
els of significance of differences within or between pa- 
tient groups. The significance of the occurrence of car- 
diac events and severe ischemic potential was deter- 
mined using survival analysis (BMDP). P values for- 
severe ischemic potential represent the combination of © 
patients with either an event or severe ischemic poten- fe 
tial. Sensitivity and specificity are expressed as percent = 
(95% confidence intervals). The 4 patients undergoing - 
predischarge coronary bypass surgery were not included- 
in the specificity or survival analysis because patients: 
not discharged from the hospital had no opportunity too 

suffer an adverse outcome. ARRE 


RESULTS ORRE 
Clinical outcome: Of the 40 patients with uncompli- . 
cated AMI, 4 underwent predischarge coronary bypass 
surgery, and 8 of the remaining 36 (22%) had cardiac 
events during the 6-month follow-up period. These are oe 
listed in Table I. Six of the 8 cardiac events occurred 
before the 6-week maximal exercise testing. The clinical 
correlates of these patients in relation to outcome are 
listed in Table II. a 
In addition to the 8 cardiac events, 16 patients had 
evidence for severe ischemic potential without having a 
cardiac event. These included 6 patients with severe cor- 
onary anatomy requiring bypass surgery (4 of which 
were performed predischarge), 1 additional patient with 
3-vessel coronary disease and 9 patients with markedly 
positive 6-week exercise tests. Severe ischemic potential 
correlated closest with a markedly positive dipyrida- 
mole-thallium study. = 
Results of dipyridamole-thallium: Results of dipy- 
ridamole-thallium testing are summarized in Figure 1. 
Dipyridamole infusion was well tolerated with no se: 
ous complication. Twelve patients developed transie 
chest. symptoms consistent with angina, of which. 
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egment daon: Al of thie 6 patients with posi- 
electrocardiograms and 9 of the 12 patients with 
ngina associated with dipyridamole infusion had mark- 
ediy. positive thallium scans. 

~~ Redistribution (positive test as prospectively de- 
‘fined) was common, occurring in 31 (77%) patients. Re- 
distribution in a coronary territory outside the infarct 
‘zone (markedly positive test), however, was less com- 
mon (p = 0.001) occurring in 16 (40%) patients. The 
‘sensitivities of markedly positive and positive test results 
for events were 63% (25 to 91) and 88% (47 to 99) 
‘respectively (difference not significant). However, a 
markedly positive dipyridamole-thallium scan was more 
specific for events than was a positive scan (75% [55 to 
89] and 29% [13 to 49] respectively, p <0.05). The pre- 
dictive value of a negative scan (not markedly positive) 
was 88% (68 to 97). Only a markedly positive dipyrida- 
mole-thallium test was significantly associated with car- 
diac events (p = 0.04, survival analysis). 

"Results of submaximal exercise electrocardiogra- 
phy: The results of the submaximal treadmill electro- 
cardiography are shown in Figure 2. No complications 
occurred. The mean exercise heart rate was 101 + 19 
beats/min and the mean exercise blood pressure was 
151 + 27 mm Hg. Fourteen patients developed angina 
(35%) and 11 patients (27%) developed ST depression. 
Sixteen patients had positive tests, of which 5 were 
markedly positive. A positive submaximal treadmill 
electrocardiogram was correlated with cardiac events (p 
=. 0.07, survival analysis). The sensitivity of positive and 
markedly positive test results for events were 63% (25 to 
91) and 25% (32 to 65), respectively. The specificities of 
positive and markedly positive test results for these 
events were 71% (51 to 87) and 93% (77 to 99), respec- 
tively. The predictive value of a negative test (not posi- 
tive) was 88% (68 to 97). 

Results of radionuclide ventriculography: There 
was no statistical difference in resting left ventricular 
ejection fractions between patients with and without 
events (Table ID. 

Results of maximal exercise thallium at 6 weeks: 
Of the 40 patients studied, 30 were clinically stable 
without events or bypass surgery after 6 weeks. Clinical 
outcome in this group is shown in Figure 3. Five pa- 
tients failed to return for 6-week testing and 1 of these 
patients subsequently had a myocardial infarction. Pre- 
discharge dipyridamole-thallium scanning in this pa- 
tient had been markedly positive. Thus, 25 patients re- 
turned at 6 weeks for maximal treadmill exercise testing 
performed while not receiving antiischemic medication 
for 48 hours. Of the 25 patients tested, 1 had a subse- 
quent cardiac event that was correctly identified by 
both the submaximal exercise treadmill test and the 
maximal treadmill thallium. Thus, the 6-week maximal 
treadmill thallium test identified only 1 event in these 
25 patients. 

_ Analysis of severe ischemic potential: A markedly 
pos sitive dipyridamole-thallium scan correlated well with 
schemic A or events ‘(p= 0. ear A pea 
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tive submaximal treadmill test aise erda : 
severe ischemic potential or events (p = 001). F 
ejection fraction did not correlate. 


























































DISCUSSION ae 

After myocardial infarction patients may 
clinically stable despite severe coronary artery 
and may benefit from invasive evaluation or aggressi 
medical therapy. The challenge is to identify th 
group of patients who are prone to future events s 
appropriate evaluation can be performed expeditious 
The greatest risk of death after AMI occurs early an 
that risk declines thereafter.’ Several studies have dem- 
onstrated that predischarge exercise testing can identify 
high- and low-risk subgroups in this population.457 Our - 
data confirm these findings: in 36 patients discharged 
from the hospital, 6 of the 8 cardiac events occurred - 
during the first 6 weeks and were identified by predis- _ 
charge testing. Any test performed after 6 weeks failed — 
to identify 75% of the events. = 

We defined parameters of dipyridamole-thallium 
scanning that have a sensitivity and specificity for ad- - 
verse outcomes that are adequate for clinical use. Leppo — 
et al'' demonstrated that thallium redistribution after 
dipyridamole infusion was sensitive but relatively non- 
specific for events in patients with uncomplicated AMI. ~ 
Our study confirmed this finding. This is consistent with =. 
the concept that most infarcts do not represent complete 
loss of myocardium in the territory subtended by a sin- = 
gle coronary vessel. The presence of isolated periinfarct = 
thallium redistribution detected after dipyridamole, = 
therefore, does not imply that the patient is at high risk = 
for future events. 

Because patients with uncomplicated AMI and l- == o 
vessel coronary artery disease have a low incidence of = 
subsequent death and reinfarction when treated medi- = 0o 
cally, we hypothesized that patients with ischemia in- 9 — 
duced by dipyridamole in coronary territories outside = 
the infarct zone would be at the greatest risk after = 
AMI. Indeed, identifying the subset of patients with re- = 
distribution occurring outside the infarct zone signifi = =- 
cantly improved the specificity of dipyridamole-thallium OES 
imaging from 29 to 75% without a significant loss of 
sensitivity. A markedly positive dipyridamole-thallium ` 
scan correlated well with both cardiac events (p = 0.04) | 
and with severe ischemic potential (p = 0.002). | 

Ours is the first study that compared the prognostic 
information obtained from dipyridamole-thallium scan- | 
ning with predischarge and 6-week treadmill electrocar- 
diography after uncomplicated AMI. The submaximal | 
treadmill exercise electrocardiogram, such as the dipy- 
ridamole-thallium scanning, correlated with events (p = _ 
0.07) and with severe ischemic potential (p = 0.01). Al- 
though beta-type error cannot be excluded in a small — 
sample size, it appeared to be similar to dipyridamole- — 
thallium for predicting these outcomes. While exercise 
testing has the additional benefit of allowing the cardi- 
ologist to assess the patient’s exercise capacity, it cannot 
be ee in peron uo a periphera 

































































xercise test was performed after 75% 
of the events had occurred and thus was a less reliable 
~~ predictor of total events. 
-Based on the results of this study we would recom- 
mend that early stress testing be performed to identify 
those patients at risk of subsequent cardiac events. Di- 
= pyridamole-thallium is an excellent alternative in pa- 
tients who are unable to exercise because it correlates 
with future cardiac events and identifies severe ischemic 
potential. Because it had a negative predictive value of 
88% (only 3 of 24 patients without widespread redistri- 
‘bution had cardiac events) dipyridamole-thallium may 
identify a low-risk subset that could be followed without 
‘coronary angiography as well as a high-risk group that 
could benefit. from invasive evaluation. Submaximal ex- 
ercise electrocardiography also provides useful prognos- 
~~ tic information and is a reliable screening test in pa- 
= tients who are able to exercise. The addition of thallium 
to this test was not addressed in this study, but has been 
=- previously reported to improve the prognostic accuracy.’ 
- We demonstrated no prognostic benefit from resting ra- 
_ dionuclide venticulography in patients with uncompli- 
cated myocardial infarction but this patient group as 
a whole had relatively preserved ventricular function 
(mean ejection fraction 45%). Other studies have shown 
that a depressed ejection fraction is correlated with a 
poor prognosis.** 
There are several limitations to our study that 
should be noted. First, because only 40 patients were 
- studied, beta-type error cannot be excluded in compar- 
ing the relative value of the submaximal exercise test 
and predischarge dipyridamole-thallium study. Our 
study did, however, have power to detect the prognostic 
nificance of a positive predischarge dipyridamole- 
hallium scan and detected the improved specificity of 
equiring redistribution outside of the infarct zone for 
_ predischarge dipyridamole-thallium scanning in postin- 
_ farction patients. Another limitation was the require- 
-> ment that cardiologists have access to test results. Coro- 
nary: surgery could thus not be considered a cardiac 
event, as the decision to perform surgery was biased by 
est results. We overcame this concern by prospectively 
defining only “naturally occurring” events as cardiac 
vents. In this study, 4 patients had unstable angina as 
the event. While this is in itself only a mildly adverse 
. outcome, 3 of the 4 required coronary surgery and the 
~ fourth subsequently died of myocardial infarction. A 
-< further limitation is that the images were not analyzed 
-by computer quantitation. The methods proposed here, 
- however, are broadly applicable because no special com- 
_ puter analytical techniques are required. Finally, our 
results may not be applicable to patients with previous 
-coronary revascularization or those receiving thrombo- 
ane therapy, as these patients were specifically ex- 





- noncardiac limitation to 


i. Davis HT, DeCamilla 1 Ba ef LW. Sunit patterns in ihe e posthospit 
phase of myocardial infarction. Circulation 1979,60:1252-1258. E 
2. Multicenter Postinfarction Research Group. Risk stratification and survive 
after myocardial infarction. N Engl J Med 1983;309:331-336. 

3. Gilpin EA, Koziol JA, Madsen EB, Henning H, Ross J. Periods of differin 
mortality distribution during the first year after acute myocardial infarction. A? 
J Cardiol 1983;52:240-244. 

4. Theroux P, Waters DD, Halphen C. Prognostic value of exercise testing soc 
after myocardial infarction. N Engl J Med 1979,301:341-345. 

§. Sami M, Kraemer H, DeBusk RF. The prognostic significance of serial exe: 
cise testing after myocardial infarction. Circulation 1979;30:1238- 1246. 

6. Brown KA, Boucher CA, Okada RD, Guiney TE, Newell JB, Strauss HW 
Pohost GM. Prognostic value of exercise thallium-201 imaging in patients pr 
senting for evaluation of chest pain. JACC 1983;1:994-1001, 

7. Gibson RS, Watson DD, Craddock GB, Crampton RS, Kaiser DL, Denny M. 
Beller GA. Prediction of cardiac events after uncomplicated myocardial infarc 
tion: a prospective study comparing predischarge exercise thallium-201 scintigri 
phy and coronary angiography. Circulation 1983,68:321-336. 

8. Hung J, Goris ML, Nash E, Kraemer HC, Debusk RF. Comparative value í 
maximal treadmill testing, exercise thallium myocardial perfusion scintigraph: 
and exercise radionuclide ventriculography for distinguishing high- and low-ris 
patients soon after acute myocardial infarction. dm J Cardiol 1984;53:1221 
1227, 

9. Corbett JR, Dehmer GJ, Lewis SE, Woodward W, Henderson E, Parkey RV 
Blomquist CG, Willerson JT. The prognostic value of submaximal! exercise testir 
with radionuclide ventriculography before hospital discharge in patients wit 
recent myocardial infarction. Circulation 198 I 64:5335~-544, 

10. Homma S, Gilliland Y, Guiney TE, Strauss HW, Boucher CA. Safety ı 
intravenous dipyridamole for stress testing with thallium imaging. Am J Cardi 
1987 ;59:152~-154. 

11. Leppo JA, O'Brien J, Rothendler JA, Getchell JD, Lee VW. Dipyridamol 
thallium-201 scintigraphy in the prediction of future cardiac events after acu 
myocardial infarction. N Engl J Med 1984;310:1014-1018. 

12. Boucher CA, Brewster DC, Darling RC, Okada RD, Strauss HW, Poho 
GM. Determination of cardiac risk by dipyridamole-thallium before peripher 
vascular surgery. N Engl J Med 1985,312:389-394. 

13. Eagle KA, Singer DE, Brewster DC, Darling RC, Mulley AG, Boucher Cz 
Dipyridamole-thallium scanning in patients undergoing vascular surgery. Opt 
mizing preoperative evaluation of cardiac risk. JAMA 1987 ;25:2185-2189. 
14. Leppo J, Plaja J, Gionet M, Tumolo J, Paraskos JA, Cutler BS. Noninvasr 
evaluation of cardiac risk before elective vascular surgery. JACC 1987;9:269-27 
15. Brown KA, Mulley AG, Thibault GE, Strauss HW, Pohost GM, Okada RI 
Boucher CA. Limited prognostic value of early rest thallium-201 imaging 
patients admitted for suspected acute myocardial infarction. Am J Nonini 
Cardiol 1987 ;1:129-133. 

16. Ladenheim ML, Pollock BH, Rozanski A, Berman DS, Staniloff HN 
Forrester JS, Diamond GA. Extent and severity of myocardial hypoperfusion ; 
predictors of prognosis in patients with suspected coronary artery disease. JAC 
1986;7:464-47 1. 

17. Pirelli S, Inglese E, Suppa M, Corrada E, Campolo L. Dipyridamole-thalliu: 
201 scintigraphy in the early post-infarction period. Eur Heart J 19889:1324 
1334. 

18. Eagle KA, Strauss HW, Boucher CA. Dipyridamole ‘myocardial perfusic 
imaging for coronary heart disease. Am J Card Imaging 1988°2:292-303. 
19. Detrano K, Froelicher VF. Exercise testing: uses and limitations considerir 
recent studies. Prog Cardiovasc Dis 1988;31:173~204. 

20. Osbakken MD, Boucher CA, Okada RD, Bingham JB, Strauss HW, Poho 
GM. Spectrum of global left ventricular responses to supine exercise. Arm 
Cardiol 1983;51:28-35. _ 

21. Boucher CA, Wilson RA, Kanarek DJ, Hutter AM Jr, Okada RD, Libert. 
son RR, Strauss HW, Pohost GM. Exercise testing in asymptomatic or minimal 
symptomatic aortic regurgitation: relationship of left ventricular ejection fractic 
to left ventricular filling pressure during | exercise. Circulation 1983,;67:1091 
1100. 

22. Gill JB, Ruddy TD, Newell JB, Finkelstein DM, Strauss HW, Boucher C2 
Prognostic importance of thallium uptake by the lungs during exercise in coronal 
artery disease. N Engl J Med 1987;317:1486- 1489. 

23. Wilson WW, Gibson. RS, Nygaard TW, Craddock GB, Watson DD, Cesta 
ton RS, Beller GA. Acute myocardial infarction associated with single vess 
coronary artery disease: an analysis of clinical outcome and the prognostic impo 
tance of vessel parcio and residual ischemic myocardium. J. AC C 1988311222: 
234, 

24. Ahnve 8, Gilpin E, Henning H, Curtis G, Collins D, Ross J Jr. Limitatio: 
- advantages of the ejection fraction for defining high risk after acute myocard 
al infarction. Am J Cardiol 1986;58:87 2-878. 


Z 
j- 
də 
—_ 
niai 
<=) 
Ly 
a 
= 
© 
-A 
eee 
© 
tja 
C 
‘= 
a 
et 
Sm 
ao 
ae 
ve 
=e 
a 
Mews 
—) 
pd 
=} 
tee 
a 
Een 
mirae 
=e 
nm 
rpm 





prescribe the antiarrhythmic 
that’s predictable: Norpace' CR 


disopyramide phosphate extended-release) 
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“Adapted from Podrid’s review of clinical studies! 


Predictable side effects 


Norpace CR is generally well tolerated. The side effects are usually 


dose-related and generally not a cause for drug withdrawal in well-chosen 
patients.2 | | 
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Results of a long-term follow-up (up to 64 months) of patients 


on Norpace (d 


During a five-year follow-up study, 29% (12/42) of patients developed classic drug-induced SLE 
syndrome.’ Additional studies confirm this frequent association.’ 


*Systemic lupus erythematosus 


@ in 60% of patients (24/40), Norpace provided 





Predictable therapy 


100-mg and 150-mg CAPSULES 


NORPACE CR...» 


(alsopyramide phosphate 
extended-release) 


e Lowest incidence of aggravation 
of arrhythmia among marketed 
agents tested according to a 
clinical report. 


© Predictability long-term with 
few late-appearing side effects 
such as lupus or agranulocytosis. 


© Established safety profile 
through 12 years of Norpace 
(disopyramide phosphate) use. 
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Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of 
which follows: Indications: For suppression and prevention of recurrence of the following 
cardiac arrhythmias: unifocal premature (ectopic) ventricular contractions: premature 
(ectopic) ventricular contractions of multifocal origin; paired premature ventricular contrac- 
tions (couplets); and episodes of ventricular tachycardia (persistent ventricular tachycardia is 
ordinarily treated with DC-cardioversion). Norpace is equally effective in both digitalized and 
nondigitalized patients. It is also equally effective in treating primary cardiac arrhythmias and 
those which occur in association with organic heart disease including coronary artery 
disease. Norpace CR should not be used initially if rapid establishment of disopyramide 
plasma levels is desired. Oral disopyramide phosphate has not been adequately studied in 
patients with acute myocardial infarction or with persistent ventricular tachycardia or atrial 
arrhythmias and is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. Contraindications: Cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), congenital Q-T prolongation, 
or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or 
worsen congestive heart failure (CHF) or produce severe hypotension as a conse- 
quence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or 
Norpace CR should not be used in patients with uncompensated or marginally 
compensated CHF or hypotension unless the condition is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may be treated with Norpace or 
Norpace CR, but careful attention must be given to maintaining cardiac function, 
including optimal digitalization. If hypotension occurs or CHF worsens, Norpace or 
Norpace CR should be discontinued and, if necessary, restarted at a lower dosage 
only after adequate cardiac compensation has been established. Norpace or 
Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsen- 
ing of the arrhythmia may occur. Patients who have evidenced prolongation of the 
Q-T interval in response to quinidine may be at particular risk. As with other Type 
1A antiarrhythmic drugs, disopyramide has been associated with torsade de 
pointes. If Q-T prolongation greater than 25% is observed and if ectopy continues, 
the patients should be monitored closely, and discontinuation of Norpace or 
Norpace CR considered. In rare instances significant hypoglycemia has been 
reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for 
patients with life-threatening arrhythmias who are demonstrably unresponsive to 
single agent antiarrhythmic therapy. Such use may produce serious negative 
inotropic effects, or may excessively prolong conduction. Patients receiving more 
than one antiarrhythmic drug must be carefully monitored. If first-degree heart 
block develops, the dosage of Norpace or Norpace CR should be reduced. If the 
block persists, continuation of Norpace or Norpace CR must depend upon an 
assessment of benefit versus risk. Development of second- or third-degree AV 
block or uni-, bi-, or trifascicular block requires discontinuation of drug unless the 
ventricular rate is adequately controlled by a pacemaker. Because of its anticholin- 
ergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis or urinary retention, unless adequate overriding measures 
are taken. In patients with a family history of glaucoma, intraocular pressure should 
be measured before initiating Norpace or Norpace CR therapy. Precautions: Patients 
with atrial flutter or fibrillation should be digitalized prior to Norpace or Norpace CR 
administration to ensure that drug-induced enhancement of AV conduction does not allow a 
ventricular rate beyond physiologically acceptable limits. The effect of Norpace or Norpace 
CR is presently uncertain in patients with sick sinus syndrome, Wolff-Parkinson-White 
syndrome, or bundle branch block. Patients with myocarditis or other cardiomyopathy may 
develop significant hypotension in response to the usual dosage of disopyramide phosphate 
Therefore, a loading dose of Norpace should not be given to such patients, and initial dosage 
and subsequent dosage adjustments should be made under close supervision. Norpace 
dosage should be reduced in patients with impaired renal or hepatic function and the 
electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not recom- 
mended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before Starting 
Norpace or Norpace CR therapy. Concomitant administration of disopyramide phosphate with 
phenytoin or other hepatic enzyme inducers may cause lower disopyramide plasma levels. 
Concomitant administration with other antiarrhythmics may cause excessive widening of the 
QRS complex and/or prolongation of the Q-T interval. Concomitant administration with 
quinidine resulted in slight increases in disopyramide levels and slight decreases in quinidine 
levels. Pregnancy Category C. Norpace was associated with decreased numbers of implanta- 
tion sites and decreased growth and survival of pups when administered to pregnant rats at 
250 mg/kg/day, a level at which weight gain and food consumption of dams were also 
reduced. Increased resorption rates were reported in rabbits at 60 mg/kg/day. Safe use in 
pregnancy has not been established. Disopyramide has been found in human fetal blood. 
Norpace has been reported to stimulate contractions of the pregnant uterus. Use of 
Norpace or Norpace CR in pregnant women requires that the potential benefit be weighed 
against possible hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during 
delivery or on the course of labor and delivery are unknown. Following oral administration, 
disopyramide has been found in human milk at a concentration not exceeding that in plasma. 
Because of the potential for serious adverse reactions in nursing infants from Norpace or 
Norpace CR, a decision should be made whether to discontinue nursing or discontinue the 
drug, taking into account the importance of the drug to the mother. Adverse Reactions: 
Dry mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary 
retention especially in males with benign prostatic hypertrophy, urinary frequency and 
urgency, Impotence, nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise, aches/pains, hypotension, 
congestive heart failure, cardiac conduction disturbances, edema/weight gain, shortness of 
breath, syncope, chest pain, generalized rash/dermatoses, itching, hypokalemia, elevated 
cholesterol/triglycerides, depression, insomnia, dysuria, numbness/tingling, elevated liver 
enzymes, AV block, elevated BUN, elevated creatinine, decreased hemoglobin/hematocrit, 
and hypoglycemia. Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
reversible, have been reported, as have fever, respiratory difficulty, thrombocytopenia, and 
gynecomastia. Some cases of lupus erythematosus (LE) symptoms have occurred mostly in 
patients switched from procainamide to disopyramide following the development of LE 
symptoms. Dosage and Administration: Dosage must be individualized on the basis of 
response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided 
doses: q6h for Norpace and q12h for Norpace CR. See current complete prescribing 
information for dosage recommendations. 
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Usefulness of Sustained-Release Diltiazem for 
Stable Angina Pectoris 


W. Peter Klinke, MD, Martin Juneau, MD, Michael Grace, PhD, William J. Kostuk, MD, 
Peter Pflugfelder, MD, Claude R. Maranda, MD, Wayne Warnica, MD, Christine Chin, BSc, 
Lawrence Annable, PhD, Ellen E. Dempsey, MSc, and David Waters, MD 


poe’ E AS RS a ISIE S LE ERS See Oe EE eS Seles 
Sustained-release diltiazem, 120 and 180 mg twice 
daily, was assessed in a multicenter, double-blind, 
randomized, placebo-controlled trial in 65 stable 
angina patients with exercise-induced ST depres- 
sion. Exercise testing was performed 12 + 1 hours 
after the last dose at the end of each of the 3 treat- 
ment weeks. Both dose levels of drug reduced 
spontaneous angina (p <0.001) and increased ex- 
ercise duration (p <0.01) and time to 1-mm ST de- 
pression (p <0.001). No differences were noted be- 
tween the 2 dose levels. Rate-pressure product at 
maximal exercise was similar for the 3 groups. 
Only 1 patient terminated the study because of ad- 
verse drug effects; severe adverse effects occurred 
in 1 placebo and 1 low-dose period. Sustained- 
release diltiazem is safe and efficacious mono- 
therapy for patients with stable angina. 

(Am J Cardiol 1989;64:1249-1252) 


nnn 
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that has been shown to be effective in the treat- 

ment of exertional angina pectoris at doses of 
240 and 360 mg/day in both short-!-!4 and long- 
term!5:!6 controlled studies. The recommended dosage 
interval is 6 to 8 hours!” with a maximum dosage of 360 
mg/day. In a study of 18 patients,'* the slow release 
formulation, sustained-release diltiazem, appeared to be 
effective and safe in the treatment of stable exertional 
angina when given twice daily at doses of 240 and 360 
mg/day. 

We attempted to confirm and extend these findings 
and further establish the safety and efficacy of the sus- 
tained-release capsule. We evaluated a twice-daily oral 
regimen in patients with stable exertional angina. 


D iltiazem is a benzothiazepine calcium antagonist 


METHODS 

Patient selection: Eighty patients with chronic sta- 
ble angina were enrolled in the study but 15 were ex- 
cluded from analysis, 8 who violated protocol and 7 who 
withdrew. Reasons for withdrawal were worsening angi- 
na in 2, an adverse reaction in 1, new onset atrial fibril- 
lation in 1 and patient preference in 3. Thus, 56 men 
and 9 women aged 59 + 9 years (range 36 to 76) were 
included in the study analysis. 

All patients had chronic stable angina and 21 mm 
of horizontal or downsloping ST-segment depression 
during a multi-stage exercise tolerance test. Before 
study entry, they reported a mean of 5 episodes of angi- 
na/week; 17 had previously experienced a myocardial 
infarct and 12 had undergone bypass surgery. Coronary 
arteriography, performed in 44 patients, showed 3-ves- 
sel disease in 18, 2-vessel disease in 15 and 1-vessel in- 
volvement in 11. No patient had congestive heart failure 
or valvular disease; 10 had controlled hypertension. 

All antianginal drugs except sublingual nitroglycerin 
and all cardiovascular drugs that interfere with the in- 
terpretation of ST-segment changes were discontinued 
for at least 5 half-lives before the prestudy exercise test 
and withheld for the duration of the study. The study 
was approved by the respective hospital ethics commit- 
tees. All participating patients gave written informed 
consent before enrollment. 

Study design: The study was randomized, double- 
blind, placebo-controlled and used a 3 X 3 Latin square 
design. After a placebo run-in and a 7-day titration 
phase, sustained-release diltiazem at total daily doses of 
240 and 360 mg and placebo were each administered 
for consecutive 7-day double-blind study periods. Each 
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SUSTAINED-RELEASE DILTIAZEM - 





TABLE I Hemodynamic Measurements at Rest and Peak 
Exercise 









Sustained-Release 
Diltiazem 















240 360 
Placebo mg/day mg/day 










At rest 










Heart rate (beats /min) 75213 70+ 11* 68 + 11* 

Systolic blood pressure 137419 139416 137 £15 
(mm Hg) 

Diastolic blood pressure 8l +410 8049 7948 
(mm Hg) 

Rate-pressure product 10.3421 9.7420 9.4 + 1.8*# 
(X 10-3) 






At peak exercise 
Heart rate (beats/min) 131420 129+17* 127+18t 








Systolic blood pressure 171+25 170427 174+ 26 
(mm Hg) 

Diastolic blood pressure 90 + 10 86+ 12 87 + 12* 
(mm Hg) 






Rate-pressure product 22545. 219451 221449 
(X 10-3) 
ST depression (mm) 








19410 1841.0 


All measurements are mean + 1 standard deviation. 
* p <0.01 vs placebo; t p <0.05 vs placebo; + p <0.05 vs 240 mg/day. 


17210 






patient received each of the 3 treatments in a random 
fashion according to the 3 X 3 Latin square design. The 
overall mean compliance rate, evaluated by a capsule 
count at each visit, was 98.3%. Anginal episodes and 
nitroglycerin consumption were recorded in a diary by 
the patients. 

Exercise testing: All exercise tests were performed 
in a standardized manner using the Bruce protocol, Pa- 
tients refrained from smoking, eating or using sublin- 
gual nitroglycerin in the 2 hours preceding exercise. All 
tests to assess efficacy were performed in the morning, 
12 hours after dose administration, at the end of each 
treatment week. An electrocardiographic lead was con- 
tinuously recorded during the test and for >5 minutes 
thereafter. Cuff blood pressure and a 12-lead electro- 
cardiogram were recorded at 1-minute intervals or more 
frequently near the end of the test or if symptoms oc- 
curred. Endpoints of testing included moderate angina, 
the appearance of complex ventricular arrhythmias, a 
decrease in blood pressure, severe dyspnea or marked 
fatigue. 

ST-segment depression was measured 0.08 second 
after the J point and compared to the baseline tracing. 
The depth of ST depression was reported from the same 
lead for each test, the one that showed the most ST 
depression. Total exercise duration, time to 1-mm ST 
depression, time to angina, blood pressure, heart rate 
and rate-pressure product at rest, onset of angina, l-mm 
ST depression and maximal exercise were assessed. 

Statistical analyses: Total exercise duration was 
substituted for time to angina in the exercise tests in 
which the patient did not experience angina and for 
time to l-mm ST depression in the exercise tests in 
which this did not occur. For each of the treadmill exer- 
cise and hemodynamic parameters, an analysis of vari- 
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TABLE Ill Exercise Test Results According to Treatment 


Period 
Sustained-Release 
Diltiazem 
240 360 
Placebo mg/day mg/day 
Total exercise 407 + 143 461 + 142* 461 + 142* 
duration (s) 
Time to onset of 331 +4141 398 + 1527 407 + 136* 
angina (s) 
Time to 1-mm ST 2914125 341 + 144* 346 + 137* 


depression (s) 


All measurements are mean + 1 standard deviation. 
* p <0.001 vs placebo; t p <0.01 vs placebo. 


ance was performed, yielding tests of significance fc 
residual effects and direct effects of treatment, after an 
possible effects due to period were removed. The direc 
effects of treatment were tested after removing residus 
effects from the previous period.!9 If direct effects wer 
significant at the 0.05 level, the unadjusted F test multi 
ple comparison test was used to determine which treat 
ments differed significantly. 

The resting and termination of exercise hemody 
namic parameters were analyzed using the analysis o 
variance for a Latin square design. Incidence of advers 
experience and other unexpected clinical manifestation 
were addressed using the appropriate nonparametri: 
measures. To analyze the data as in a multicenter trial 
an investigator effect was added to the model for thi 
Latin square analysis as well as an effect due to investi 
gator by treatment interaction. No investigator effec 
was detected. 


RESULTS 

Hemodynamic parameters: At rest both doses oj 
sustained-release diltiazem decreased heart rate but dic 
not significantly change systolic or diastolic arterial 
pressures (Table I). The decrease in heart rate was sim- 
ilar at both dose levels. At the 360 mg dose, rate-pres- 
sure product at rest was lower than with placebo and 
than with the 240 mg dose. 

At peak exercise heart rate was lower with both 
doses of sustained-release diltiazem. Diastolic arterial 
pressure at peak exercise was lower with 360 mg sus- 
tained-release diltiazem compared to placebo; however, 
the small difference is unlikely to be clinically relevant. 
Rate-pressure product at the onset of 1-mm ST depres- 
sion and peak rate-pressure product were similar with 
the 3 treatments (Table I). 

Exercise test results: All exercise test parameters 
were improved by both dose levels of sustained-release 
diltiazem (Table II). Time to onset of angina increased 
from 331 + 141 seconds with placebo to 398 + 152 
seconds with the 240 mg dose (p = 0.003) and to 407 + 
136 seconds with the 360 mg dose (p <0.001 vs place- 
bo). Time to 1-mm ST depression was 291 + 125 sec- 
onds with placebo, 341 + 144 seconds with 240 mg and 
346 + 137 seconds with 360 mg (both p <0.001 vs pla- 


cebo). Similarly, total exercise duration was 407 + 143 
seconds with placebo, 461 + 142 seconds with the 240 
mg dose (p <0.001) and 461 + 142 seconds with the 
360 mg dose (p <0.001). For each of these endpoints 
the difference between the 2 dose levels was not statisti- 
cally significant. 

Of the 65 patients, 53 experienced angina during the 
placebo exercise test, 45 during the test while receiving 
240 mg and 37 during the test while receiving 320 mg 
(p <0.01). However, ST depression, which occurred in 
all cases during the placebo exercise test, was still pres- 
ent in all but 1 patient at the 240 mg dose and in all but 
2 at the 360 mg dose. 

Angina episodes and nitroglycerin consumption: 
The mean number of angina episodes/week was 5.1 + 
8.6 in the placebo period, 2.4 + 4.1 with the 240 mg 
dose and 1.9 + 3.2 with the 360 mg dose (p <0.05). 
Nitroglycerin consumption/week was 3.1 + 6.7 in the 
placebo period, 1.3 + 3.1 with 240 mg and 0.8 + 2.0 
with 360 mg (p = 0.15). In both cases, the differences 
observed between the 2 dose levels were not statistically 
significant. 

Adverse reactions: Adverse reactions for the 72 pa- 
tients enrolled in the study, including 7 who were not 
included in the efficacy analysis, are listed in Table III. 
Two patients dropped out of the study due to worsening 
angina and 1 due to the onset of atrial fibrillation; these 
events were not considered to be related to sustained- 
release diltiazem. One patient discontinued study par- 
ticipation because of severe hypotension during exer- 
cise-induced ischemia while receiving sustained-release 
diltiazem 240 mg/day. Adverse effects were mild in all 
other cases; the most frequent were edema and flushing. 
No significant differences (1-tailed, p >0.05) with re- 
spect to adverse effects were noted between the 240 and 
360 mg doses. The proportion of patients having an ad- 
verse effect to either dose of sustained-release diltiazem 
(35%) was significantly (p = 0.02, 2-tailed test) greater 
than the proportion having an adverse effect to placebo 
(18%). 


DISCUSSION 

We demonstrate that sustained-release diltiazem is 
beneficial therapy for patients with stable angina. Both 
240 and 320 mg/day doses, given on a twice-daily 
schedule, significantly prolonged total exercise time, 
time to angina and time to 1-mm ST depression com- 
pared to placebo. Fewer patients developed angina 
during exercise tests while receiving active treatment. 
These results are particularly impressive because exer- 
cise tests were performed at the end of the dosing inter- 
val, 12 hours after drug administration. Sustained-re- 
lease diltiazem also significantly decreased the number 
of spontaneous episodes of angina in these patients. At 
both dose levels the drug was well tolerated; only 1 pa- 
tient discontinued treatment due to adverse effects. 

The efficacy of the standard formulation of diltia- 
zem for stable angina has been amply documented in 
previous studies.'~!® Peak effect occurs at 3 to 4 hours 
after a single oral dose but efficacy can still be demon- 





TABLE Ill Adverse Effects According to Treatment Period 


Sustained-Release 
Diltiazem 


Adverse 240 360 
Effect mg/day mg/day 


Edema 

Flushing 

Angina 

Hypotension 

Headache 

Dizziness 

Drowsiness 

Constipation 

Diarrhea 

Nausea 

Rash 

Fatigue 

Polyuria 

Dyspnea 

One or more 1 
adverse effects (%) 


Data for 72 patients, including 7 excluded from the efficacy analysis, are reported. 


strated at 8 hours.®!3 To our knowledge, sustained-re- 
lease diltiazem has been evaluated for stable angina in 
only 1 other randomized, double-blind, placebo-con- 
trolled trial. Weiner et al,!8 using the same dose levels, 
performed exercise testing 12 hours after dosing in 18 
patients. As in our study, exercise test parameters were 
significantly improved with no difference between the 2 
dose levels. This absence of a dose-response effect may 
be a result of performing the tests at the end of the 
dosage period rather than at peak effect. In studies us- 
ing the regular formulation of diltiazem, greater effica- 
cy has been demonstrated with higher, compared to 
lower, doses.3:?:!0.14 

The mechanism by which diltiazem improves exer- 
cise tolerance in patients with stable angina remains 
controversial. The drug may increase coronary blood 
flow to the ischemic zone either by dilating coronary 
stenoses or by increasing collateral flow. Alternatively, 
diltiazem may produce its antianginal effect solely by 
decreasing the determinants of myocardial oxygen con- 
sumption, heart rate, afterload and myocardial contrac- 
tility during exercise. In this study, as in most oth- 
ers,>%10.18 rate-pressure product at the onset of ischemia 
is similar with diltiazem and under control conditions. 
This finding implies that the antianginal efficacy of the 
drug is due to its effect on myocardial oxygen demand 
and not coronary blood flow. 

Diltiazem has also been shown to attenuate somatic 
pain perception; this feature of the drug may contribute 
to its antianginal efficacy.2? Our study provides some 
evidence against this hypothesis because diltiazem im- 
proved not only the time to onset of angina but also 
time to 1-mm ST depression, an objective marker of 
ischemia. However, diltiazem was more likely to elimi- 
nate angina than ST depression during the exercise test: 
at the higher dose 16 fewer patients developed angina 
and 2 fewer developed ST depression compared to pla- 
cebo. 
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SUSTAINED-RELEASE DILTIAZEM 


In summary, sustained-release diltiazem at doses of 


240 mg and 360 mg/day given twice daily is safe and 
effective treatment of patients with stable exertional 


angina. 
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ARMY COMMUNITY H 


PROVIDE QUALITY MEDICI 
AROUND THE WORLD. 





Army physicians have opportunities to practice in a variety 
of clinical settings. Comprehensive primary and secondary care are 
provided by Army Community Hospitals, such as Florence A. 
Blanchfield at Fort Campbell, Kentucky, and 32 others located at 
Army installations in the U.S., eight in Europe and one in Korea. 
All Army medical facilities are staffed by well trained health care 
professionals. 

Part of the Community Hospital mission is training. Com- 
munity Hospital staff physicians receive ample opportunities to teach 
and train medical personnel. Some of the hospitals offer highly 

competitive Family Practice and Emergency Medicine Residency Programs. Approximately 21 Com- 


munity Hospitals in the United States and West Germany are involved in instructing, annually, 


—— NN 


450 American medical students enrolled in the Army 
Health Professions Scholarship Program. 

All of the primary medical and surgical specialties, such 
as internal medicine, general surgery, pediatrics, psychiatry 
and pathology, are represented at these hospitals. Sub- 
specialties are also staffed by American-trained, board- 
eligible or certified physicians. 

Multiple professionally rewarding opportunities to E 
practice high-quality medicine are available in all Army Com- SES 
munity Hospitals. Medicine is practiced without concern for == 
patient ability to pay. Excellent clinical support staffs assist physicians treating patients with a wide variety 

Dun | of diseases and disorders. Most significant, these hospitals 
provide excellent medical care for some of America’s most 
important citizens, American soldiers and their families. 

If you would like the opportunity to visit an Army 
hospital near you and observe Army medicine first-hand, 
write to Army Medical Opportunities, P.O. Box 7711, 
| Clifton, New Jersey 07015. 


ARMY MEDICINE. 
BE ALLYOU CAN BE. 
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Cholybar® 
(Cholestyramine Resin Bar) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


INDICATIONS AND USAGE 

1) Cholybar (cholestyramine resin bar) is indicated as adjunctive therapy to diet for 
the reduction of elevated serum cholesterol in patients with primary hypercholester- 
olemia (elevated low-density lipoprotein [LDL] cholesterol) who do not respond 
adequately to diet. Cholestyramine resin may be useful to lower LDL cholesterol in 
patients who also have hypertriglyceridemia, but it is not indicated where hypertri- 
glyceridemia is the abnormality of most concern. 

Dietary therapy specific for the type of hyperlipoproteinemia is the initial treatment 
of choice. Excess body weight may be an important factor, and caloric restriction for 
weight normalization should be addressed prior to drug therapy in the overweight. 
The use of drugs should be considered only when reasonable attempts have been 
made to obtain satisfactory results with nondrug methods. If the decision ultimately is 
to use drugs, the patient should be instructed that this does not reduce the 
importance of adhering to diet. 

2) Cholestyramine resin is indicated for the relief of pruritus associated with partial 
biliary obstruction. Cholestyramine resin has been shown to have a variable effect on 
serum cholesterol in these patients. Patients with primary biliary cirrhosis may exhibit 
an elevated cholesterol level as part of their disease. 

CONTRAINDICATIONS 

Cholybar is contraindicated in patients with complete biliary obstruction where bile is 
not secreted into the intestine and in those individuals who have shown hypersensi- 
tivity to any of its components. 

PRECAUTIONS 

General: Before instituting therapy with Cholybar, diseases contributing to increased 
blood cholesterol such as hypothyroidism, diabetes mellitus, nephrotic syndrome, 
dysproteinemias and obstructive liver disease should be looked for and specifically 
treated. A favorable trend in cholesterol reduction should occur during the first 
month of cholestyramine resin therapy. The therapy should be continued to sustain 
cholesterol reduction. If adequate cholesterol reduction is not attained, cholestyra- 
mine resin therapy should be discontinued. 

Chronic use of cholestyramine resin may be associated with increased bleeding 
tendency due to hypoprothrombinemia associated with vitamin K deficiency. This will 
usually respond promptly to parenteral vitamin Kı, and recurrences can be pre- 
vented by oral administration of vitamin K,. Reduction of serum or red cell folate has 
been reported over long-term administration of cholestyramine resin. Su pplementa- 
tion with folic acid should be considered in these cases. 

There is a possibility that prolonged use of cholestyramine resin, since it is a 
chloride form of anion exchange resin, may produce hyperchloremic acidosis. This 
would especially be true in younger and smaller patients where the relative dosage 
may be higher. 

Cholestyramine resin may produce or worsen preexisting constipation. Dosage 
should be reduced or discontinued in such cases. Fecal impaction and aggravation 
of hemorrhoids may occur. Every effort should be made to avert severe constipation 
and its inherent problems in those patients with clinically symptomatic coronary 
artery disease. 


Information for Patients: 


1. Inform your physician if you are pregnant or plan to become pregnant or are 
breast feeding. 


2. Cholestyramine resin may bind other drugs. Therefore, take other drugs at 


least one hour before or 4-6 hours after Cholybar (or at as great an interval as 
possible) to avoid impeding their absorption. 

3. Chew each bar thoroughly. 

4. Drink plenty of fluids. 





Laboratory Tests: Serum cholesterol levels should be determined frequently during 
the first few months of therapy and periodically thereafter. Serum triglyceride levels 
should be measured periodically to detect whether significant changes have 
occurred. 

The LRC-CPPT showed a dose-related increase in serum triglycerides of 10.7-17.1% 
in the cholestyramine-treated group, compared with an increase of 7.0-11.7% in the 
placebo group. Based on the mean values and adjusting for the placebo group, the 
cholestyramine-treated group showed an increase of 5% over pre-entry levels the first 
year of the study and an increase of 4.3% the seventh year. 

Drug Interactions: Cholestyramine resin may delay or reduce the absorption of con- 
comitant oral medication such as phenylbutazone, warfarin, chlorothiazide (acidic), 
as well as tetracycline, penicillin G, phenobarbital, thyroid and thyroxine prepara- 
tions, and digitalis. The discontinuance of cholestyramine resin could pose a hazard 
to health if a potentially toxic drug such as digitalis has been titrated to a mainte- 
nance level while the patient was taking cholestyramine resin. 

Because cholestyramine binds bile acids, cholestyramine resin may interfere with 
normal fat digestion and absorption and thus may prevent absorption of fat soluble 
vitamins such as A, D, and K. When Cholybar is given for long periods of time, 


Cholybar® 
(Cholestyramine Resin Bar) 


concomitant supplementation with water-miscible (or parenteral) forms of vitamins 
and D should be considered. 

SINCE CHOLESTYRAMINE RESIN MAY BIND OTHER DRUGS GIVEN CONCUR- 
RENTLY, PATIENTS SHOULD TAKE OTHER DRUGS AT LEAST ONE HOUR BEFORE 
OR 4-6 HOURS AFTER CHOLYBAR (OR AT AS GREAT AN INTERVAL AS POSSIBLE) 
TO AVOID IMPEDING THEIR ABSORPTION. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: In studies conducted ii 
rats in which cholestyramine resin was used as a tool to investigate the role of variot 
intestinal factors, such as fat, bile salts and microbial flora, in the development of 
intestinal tumors induced by potent carcinogens, the incidence of such tumors was 
observed to be greater in cholestyramine-resin-treated rats than in control rats. The 
relevance of this laboratory observation from studies in rats to the clinical use of 
cholestyramine resin is not known. In a large, placebo-controlled, multiclinic study, 
the Lipid Research Clinics Coronary Primary Prevention Trial (LRC-CPPT), the total 
incidence of fatal and nonfatal neoplasms was similar in both treatment groups. 
When the many different categories of tumors are examined, various alimentary 
system cancers were somewhat more prevalent in the cholestyramine group. The 
small numbers and the multiple categories prevent conclusions from being drawn. 
However, in view of the fact that cholestyramine resin is confined to the GI tract and 
not absorbed, and in light of the animal experiments referred to above, further follow 
up of the LRC-CPPT participants is planned for cause-specific mortality and cancer 
morbidity. 

Pregnancy: Since cholestyramine resin is not absorbed systemically, it is not 
expected to cause fetal harm when administered during pregnancy in recommend 
dosages. There are, however, no adequate and well-controlled studies in pregnant 
women, and the known interference with absorption of fat soluble vitamins may be 
detrimental even in the presence of supplementation. 

Nursing Mothers: Caution should be exercised when Cholybar is administered toa 
nursing mother. The possible lack of proper vitamin absorption described in the 
“Pregnancy” section may have an effect on nursing infants. 

Pediatric Use: As experience in infants and children is limited, a practical dosage 
schedule has not been established. The effects of long-term drug administration, as 
well as its effect in maintaining lowered cholesterol levels in pediatric patients, are 
unknown. 

ADVERSE REACTIONS 

The most common adverse reaction is constipation. When used as a cholesterol- 
lowering agent, predisposing factors for most complaints of constipation are high do: 
and increased age (more than 60 years old). Most instances of constipation are milc 
transient, and controlled with conventional therapy. Some patients requirea 
temporary decrease in dosage or discontinuation of therapy. 

Less Frequent Adverse Reactions: Abdominal discomfort, flatulence, nausea, 
vomiting, diarrhea, heartburn, anorexia, indigestive feeling and steatorrhea, bleedir 
tendencies due to hypoprothrombinemia (vitamin K deficiency) as well as vitamin A 
(one case of night blindness reported) and D deficiencies, hyperchloremic acidosis 
children, osteoporosis, rash and irritation of the skin, tongue and perianal area. One 
ten-month-old baby with biliary atresia had an impaction presumed to be due to 
cholestyramine resin after three days administration of 9 grams daily. She developec 
acute intestinal sepsis and died. 

Occasional calcified material has been observed in the biliary tree, including 
calcification of the gallbladder, in patients to whom cholestyramine resin has been 

given. However, this may be a manifestation of the liver disease and not drug related. 

One patient experienced biliary colic on each of three occasions on which he took 
cholestyramine resin. One patient diagnosed as acute abdominal symptom comple) 

was found to have a “pasty mass” in the transverse colon on x-ray. 

Other events (not necessarily drug related) reported in patients taking 
cholestyramine resin include: 

Gastrointestinal—Gl-rectal bleeding, black stools, hemorrhoidal bleedi ng, 

bleeding from known duodenal ulcer, dysphagia, hiccups, ulcer attack, sour taste, 

pancreatitis, rectal pain, diverticulitis. 

Hematologic—Prolonged prothrombin time, ecchymosis, anemia. 

Hypersensitivity—Urticaria, asthma, wheezing, shortness of breath. 

Musculoskeletal—Backache, muscle and joint pains, arthritis. 

Neurologic—Headache, anxiety, vertigo, dizziness, fatigue, tinnitus, syncope, 

drowsiness, femoral nerve pain, paresthesia. 

Eye—Uveitis. 

Renal—Hematuria, dysuria, burnt odor to urine, diuresis. 

Miscellaneous—Weight loss, weight gain, increased libido, swollen glands, edema 

dental bleeding. 

OVERDOSAGE 

Overdosage of cholestyramine resin has not been reported. Should overdosage occu 
however, the chief potential harm would be obstruction of the gastrointestinal tract. The 
location of such potential obstruction, the degree of obstruction, and the presence or 
absence of normal gut motility would determine treatment. 

Caution—Federal law prohibits dispensing without prescription. 0895G01: 
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Initial Angiographic Results in Ablation 
of Atherosclerotic Plaque by Percutaneous 
Coronary Excimer Laser Angioplasty Without 
Subsequent Balloon Dilatation 


Karl R. Karsch, MD, Karl K. Haase, MD, Manfred Mauser, MD, and Wolfram Voelker, MD 





Percutaneous transluminal coronary excimer laser 
angioplasty was performed in 15 patients using a 
1.3-mm diameter laser catheter. The catheter con- 
sists of 20 concentric quartz fibers of 100 um 
diameter each located around a central lumen suit- 
able for a 0.014-inch flexible guidewire. The cathe- 
ter was coupled to an excimer laser delivering ener- 
gy at a wavelength of 308 nm and at a pulsewidth 
of 60 ns. Quantitative analysis of the angiograms 
documented a decrease from 77 + 15% diameter 
stenosis before intervention to 40 + 22% after the 
first irradiation cycle and to 21 + 17% after termi- 
nation of laser ablation. The minimal lumen diame- 
ter increased from 0.4 + 0.2 to 1.3 + 0.4 and to 
1.6 + 0.4 mm, respectively. Vessel reocclusion was 
seen in 2 patients at 24-hour control angiography. 
No procedure-related major complications such as 
vessel perforation occurred. In 8 patients, however, 
intraluminal lucencies were seen, which were per- 
sistently visualized 24 hours after intervention in 6 
patients. Despite pretreatment with intracoronary 
nitroglycerin, coronary spasm occurred in 8 pa- 
tients and was reversible after additional sublingual 
vasodilator therapy. The results of this pilot study 
suggest that percutaneous coronary excimer laser 
angioplasty is feasible and effective for ablation of 
coronary lesions in selected patients and can be 
performed without subsequent conventional balloon 
angioplasty. The clinical impact of this new inter- 
ventional technique, however, remains to be 
assessed 
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ture of xenon chloride and halogen to generate 

pulses of short wavelength and high energy light 
in the ultraviolet spectrum. It was shown by Srinivasan 
and Mayne-Banton! in 1982 that the far ultraviolet ra- 
diation emitted by an excimer laser can be used to in- 
scribe clean and precise etching cuts in corneal tissue. In 
vitro experiments indicated that this experience is trans- 
ferable to cardiovascular tissues.2* No gross or micro- 
scopic evidence of major thermal injury was observed 


F xcimer lasers are pulsed gas lasers that use a mix- 


‘during focused excimer laser irradiation of atheroscle- 


rotic coronary artery segments. 

Recently, a novel fiberoptic laser delivery system has 
been developed consisting of 20 quartz fibers and a cen- 
tral lumen for a guidewire. Experimental studies in 
postmortem coronary arteriesř with this catheter device 
indicate that less vessel perforation and greater resolu- 
tion occur compared with the use of bare fibers. The 
first clinical trial conducted with this excimer laser 
catheter in 5 patients with coronary artery disease re- 
vealed that excimer laser angioplasty is possible and 
safe as an adjunct to balloon angioplasty.® 

We describe our first experience using percutaneous 
coronary excimer laser angioplasty without additional 
balloon angioplasty. 


METHODS 

Delivery of laser radiation: We used a commercial 
excimer xenon chloride laser (Technolas Inc., Max-10) 
(Figure 1) that delivers pulses at a pulsewidth of 60 ns 
and at a wavelength of 308 nm. The laser was operated 
at a frequency of 20 Hz. The beam was coupled into a 
specially designed 1.3-mm diameter catheter consisting 
of 20 concentric quartz fibers of 100 um diameter each 
located around a central lumen suitable for a 0.014-inch 
flexible guidewire. To improve catheter flexibility the 
quartz fibers were fixed at the proximal and distal end 
only. The totally delivered energy at the catheter tip 
was 6 mJ/pulse. A gold marker at the catheter tip al- 
lowed visualization during energy transmission. 

Patient population: The study was performed in 15 
patients with coronary artery disease. All patients had 
been selected for percutaneous transluminal coronary 
angioplasty on the basis of symptoms and angiographic 
findings and all were markedly limited by severe exer- 
tional angina pectoris despite medical therapy including 
aspirin (250 mg/day). Nine patients had 1-vessel dis- 
ease, 5 patients had 2-vessel disease and 1 patient had 
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3-vessel disease. In all 15 patients permission to perform of laser irradiation, whereas only gentle pressure wz 
excimer laser angioplasty was obtained from the Institu- applied to the device. Additional irradiation of the 1 
tional Review Board Committee at the University of sion was performed during withdrawal of the cathete 
Tuebingen. Informed consent was obtained from each The catheter was only advanced across the stenosis du 
patient before the intervention. In 9 patients the left an- ing periods of laser ablation. After each irradiation C) 
terior descending coronary artery, in 4 patients the right cle control angiography was performed. Blood flow w 
coronary artery and in 2 patients the circumflex artery not interrupted by means of a balloon or any other di 
was the target vessel (Table I). vice during laser ablation. The procedure was termina 
Study protocol: The patients were prepared for ex- ed if no visible change of lumen diameter in compariso 
cimer laser angioplasty using standard angioplasty tech- to the previous cycle was observed. After a control per 
niques via the percutaneous femoral approach. After a od of >20 minutes coronary arteriography was repeate 
heparin bolus (10,000 U given intraarterially) the site of to confirm lesion morphology after intervention. 
the lesion was visualized and intracoronary nitroglycerin All patients were monitored for 24 hours in the corc 
(100 ug) administered. Using a 9Fr large lumen guid- nary care unit. Blood samples for enzyme levels of cre 
ing catheter (Advanced Catheter Systems) the laser atine kinase and the MB isoenzyme were taken every 
catheter device was advanced over a 0.014-inch diame- hours. Follow-up arteriography was performed 24 to 3 
ter flexible guidewire. Under fluoroscopic guidance the hours after laser angioplasty in all but 1 patient, wh 
guidewire was primarily directed separately across the refused it. 
lesion into the distal vessel and its location was con- Coronary arteriographic analysis: All angiogram 
firmed angiographically. Then the laser catheter was were analyzed by quantitative arteriographic tech 
advanced over the guidewire through the proximal ves- niques. Quantitative analysis of the lesion before, afte 
sel up to the lesion. Advancement of the laser catheter the first irradiation cycle, immediately after laser abla 
across the lesion was performed during 10 to 30 seconds tion and at the 24-hour control angiogram was obtaine: 





B 


FIGURE 1. A, illustration of the catheter device; B, close-up of catheter tip. 
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same e ranie projection. All coronary ob- 
structions were traced on transparent paper in 2 views 
-by the same angiographer and each obstruction was 
measured with a millimeter ruler and compared with 
: the “normal” proximal, juxtaposed segment. The per- 
: cent stenosis and stenosis lumen diameter of an obstruc- 
tion was taken as the more severe of the 2 measure- 
< ments. Ls Qualitative analysis of the coronary morphology 
. was obtained by a blinded review of the angiograms by 
x 3 experienced observers. | 

=- Caleulations: For the total group mean values + 
: standard: deviation were calculated. Statistical analysis 
-was performed by using the paired ż test to compare the 
| individual data of the diameter and percent stenosis. 


RESULTS — 

> -Clinical data: Coronary excimer laser angioplasty 
was primarily successful in all patients. The patients did 
“not experience chest pain, burning sensations or ar- 
_rhythmias during laser energy delivery. Vessel perfora- 
- tion, extravasation of dye or embolization was not ob- 
: served during or after laser ablation. 

-- Twenty-four-hour control arteriography revealed 
‘vessel occlusion at the site of laser treatment in 2 pa- 
tients (10 and 11). Patient 10 had a maximal increase 
of creatine kinase of 410 U (creatine kinase-MB 34), 
whereas patient 11 had a maximal elevation of 138 U 
(creatine kinase-MB 17). Neither patient. had signifi- 
cant electrocardiographic changes. In 1 patient recana- 
lization was performed by conventional balloon angio- 
plasty. 

All patients were discharged within 1 week after in- 
tervention. Bicycle ergometry was performed before dis- 
charge and was unremarkable. There was no evidence 
of persistent ischemia in all but 1 patient, who had a 
persistent occlusion of the circumflex artery. 

Quantitative angiographic results after excimer an- 
gioplasty: Figure 2 shows the quantitative coronary 
analysis of the minimal lumen diameter of the individu- 
al patient before, during and after laser ablation and of 
the 24-hour control angiogram. Percent stenosis mea- 
surements before laser for the entire group were 77 + 
15% diameter stenosis and 0.4 + 0.2 mm minimal lu- 
men diameter, respectively. After the first laser irradia- 
~ tion there was a significant decrease to 40 + 22% (p 
- <0.001) diameter stenosis and an increase to 1.3 + 0.4 
mm (p <0. 001) minimal lumen diameter. The addition- 
al lesion irradiation resulted in a further decrease to 21 
+ 17% diameter stenosis and an increase to 1.6 + 0.4 
mm lumen diameter. A typical lesion visualized during 
laser treatment is shown in Figure 3. In the 24-hour 
control angiogram no significant change for either pa- 
rameter occurred (percent stenosis: 23 + 14%, minimal 
lumen diameter: 1.9 + 0.5 mm), although 2 patients 
“showed a total occlusion of the treated vessel. The ex- 
tent of reduction of diameter stenosis and increase of 
the minimal lumen diameter was not dependent on le- 
2 sion morphology ‘a €., neers and mane) (Table 
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TABLE I Effects of Percutaneous Transtursinal Co O 
Excimer Laser Angioplasty on Percent Stenosis Diamete 









(% Stenosis Diameter) _ 










After 
First 
Target irra- 
Coronary Stenosis Before diation After 
Pt Artery Morphology Laser Cycle Laser 












1 = LAD Eccentric 83 63 25 
2 LAD Concentric 99 40 G 
3 LAD Concentric 50 Q 0 
4 LAD Concentric 75 57 34 
5 LAD Eccentric 92 25 31 
6 LAD Concentric 99 64 0 
7 LAD Eccentric 63 0 0 
8 LAD Eccentric 78 47 20 
9 LAD Concentric 89 52 23 
10 LC Concentric 65 33 33 


11 LC Eccentric 86 35 41 
12 Right Concentric 56 17 17 
13 Right Eccentric 70 59 49 
14 Right Concentric 76 54 30 
15 Right Concentric 78 60 14 



























LAD = left anterior or descending artery; LC = on circumflex artery. 


in 6 patients these lucencies were persistently visualized 
at the 24-hour control angiogram. In 1 patient a moder 
ate dissection occurred after laser treatment. Corona 
spasm occurred immediately after termination of lase 
ablation in 8 patients either at the site of the lesion GB 
patients) or in the distal segment (5 patients) and wa: 
relieved by sublingual nitroglycerin (0.8 mg) and nifedi 
pine in all patients. 


mm 
LUMEN [r a 
DIAMETER 


20 


PRE ist AFTER 
LASER CYCLE LASER 


FIGURE 2. icine IA ol et laser angioplasty 
the minimal lumen diameter before (pre), after the fist rr: 
stoly after Ire treatment 












































+ DISCUSSION 

_ This is the first clinical report of percutaneous trans- 
luminal coronary excimer laser angioplasty without sub- 
== sequent conventional balloon angioplasty. The 1.3-mm 
~ catheter device proved effective in reducing the degree 
of stenosis and improving the lumen diameter. The lu- 
“men improvement compares favorably to the result 
achieved by conventional angioplasty.8° Considering 
prior experimental and clinical studies of peripheral ves- 
sels,'°!! the technique of percutaneous excimer laser an- 
gioplasty might have considerable potential in expand- 
ing the morphologic subsets in which angioplasty is fea- 
“sible. However, the use of this device so far is limited to 

-cases in which the wire can pass the occlusion. 
The morphometric results of the present study dem- 
: onstrate that a lumen diameter larger than the diameter 
_ of the catheter itself could be achieved, due to effective 
ablation during multiple irradiation cycles. After the 
first anterograde passage of the lesion, a mean increase 
= Of 0.9-mm lumen diameter was achieved. During addi- 
=- tional irradiation cycles, further lumen improvement 
was observed in 10 patients and provided additional ef- 

-< fective ablation of atherosclerotic tissue. 

_..._ Irradiation time differed from 40 to 220 seconds and 
was not primarily dependent on lesion morphology. 
- Even in some longer and subtotal lesions lumen im- 
` provement was considerable despite short irradiation. 
The difference in irradiation time necessary for an opti- 
al angiographic result is most probably due to the 
varying components of the atherosclerotic plaque treat- 
ed with excimer laser energy. Time to ablate plaque had 
been demonstrated by Müller et al!? and Murphy-Chu- 
torian et all? to be directly dependent on tissue charac- 
teristics such as extent of calcification and amount of 
-atherosclerotic material. 
A further important factor for successful percutane- 
ous transluminal coronary ablation was the exact posi- 

oning of the catheter for irradiation of plaque. Intra- 
‘onary positioning is largely dependent on catheter 
ibility. Fixation of the quartz fibers, however, results 
1 3- to S-mm long, stiff and inflexible catheter tip. 





FIGURE 3. The 30° right anterior oblique, 10° caudal view of a subtotal left anterior 
_ treatment (A), after the first laser irradiation cycle (B) and immediately after termination of laser irradiation (C). 
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Thus, the catheter has to be used as an over-the-wire 
system to avoid vessel injury. This disadvantage was ex- 
pected to restrict ablation to concentric stenosis in ves- 
sels with minimal tortuosities. However, effective abla- 
tion and successful lumen improvement of eccentric le- 
sions was found to be comparable to the ablation of 
concentric stenosis. 

Although the technique of laser ablation is compara- 
ble to conventional balloon angioplasty, 2 problems 
must be addressed. The incidence of coronary spasm 
was 8 of 15 patients despite pretreatment with intracor- 
onary nitroglycerin. Spasm occurred at the site of the 
lesion as well as in the distal segments immediately af- 
ter laser irradiation, which persisted after disengage- 
ment of the catheter, but was reversible after additional 
application of vasodilators in all patients. Although 
spontaneous active vasoconstriction is well known from 
balloon angioplasty'* the incidence of this complication 
was higher with laser irradiation. Thus, it can be hy- 
pothesized that the mechanism of early spasm after ex- 
cimer laser ablation may have a different etiology than 
spasm after conventional angioplasty. However, the pos- 
sibility that the catheter device with its stiff and inflexi- 
ble tip is inducing the spasm mechanically (rather than 
the spasm being a laser-induced effect) cannot be ruled 
out. In 8 patients intraluminal lucencies at the site of 
laser irradiation were seen after successful ablation of 
plaque and might suggest increased platelet aggregation 
at the site of tissue ablation. Late coronary occlusion, 
probably due to subsequent thrombus formation and 
spasm, was observed in 2 patients with a circumflex le- 
sion and could not be prevented by intravenous heparin 
and nitroglycerin therapy. | 
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Percutaneous Cardiopulmonary Bypass Support 
in High-Risk Patients Undergoing Percutaneous 
Transluminal Coronary Angioplasty 


Fayaz A. Shawl, MD, Michael J. Domanski, MD, Sudhakar Punja, MD, 
and Tomas J. Hernandez, MD 


Fifty-one consecutive patients in whom percu- 
taneous cardiopulmonary bypass support was insti- 
tuted to enhance the safety of high-risk elective 
coronary angioplasty were studied. All patients had 
a low ejection fraction, a large amount of viable 
myocardium perfused by the target artery(s) or 
both. Thirty-five men and 16 women, mean age 63 
years, with Canadian Cardiovascular Society class 
ill angina (23 patients) or class IV (28 patients) 
were studied. There was a history of myocardial in- 
farction in 45 (88%), bypass surgery in 14 (27%) 
and congestive heart failure in 17 (33%). Forty-six 
(90%) had impaired left ventricular function. Twen- 
ty (39%) had an ejection fraction of <25%. Left 
main stenosis was present in 9 (18%), 3-vessel dis- 
ease in 48 (94%) and 2-vessel disease in 2 (4%). 
Twenty (39%) were considered at a prohibitive risk 
for bypass surgery (14 were turned down for sur- 
gery). Bypass was instituted percutaneously with 
flows ranging from 2 to 5 liters/min (mean 3.6). 
Angioplasty was successful in 115 of the 117 le- 
sions attempted with the culprit vessel dilated in all. 
Dilatation of the only remaining vessel was per- 
formed in 14 (27%). Inflation times up to 10 min- 
utes were well tolerated. Bypass was discontinued 
after a mean bypass time of 37 minutes. Hemosta- 
sis was achieved by external clamp compression in 
50. There were 3 hospital deaths unrelated to by- 
pass. Patient follow-up at 2 to 8 months (mean 4.9) 
disclosed 1 late death, 31 (66%) asymptomatic pa- 
tients, 12 (26%) patients in class I and 4 patients 
(9%) in class Il. Thus, this study demonstrates the 
safety and efficacy of percutaneous bypass support 
in selected patients undergoing high-risk coronary 
angioplasty. 

(Am J Cardiol 1989;64:1258-1263) 
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to occur in 2 to 6% of patients treated with percu- 

taneous transluminal coronary angioplasty.'? A 
majority of these patients require emergency bypass 
surgery, which has a mortality rate of 6% and >50% 
incidence of perioperative myocardial infarction.2 Pa- 
tients with poor left ventricular function or a target ves- 
sel supplying a large amount of viable myocardium, or 
both, are often not considered for coronary angioplasty 
because abrupt vessel closure could result in hemody- 
namic collapse and death.4 Moreover, in these “high- 
risk” subgroups, successful angioplasty may be limited 
by hemodynamic compromise during balloon inflation. 
The intraaortic balloon pump has been used to provide 
hemodynamic support for high-risk patients undergoing 
coronary angioplasty.° To decrease the risk of hemody- 
namic collapse, either during balloon inflation or due to 
an abrupt closure in such high-risk patients, Vogel et al® 
have reported the prophylactic use of cardiopulmonary 
bypass to support high-risk angioplasty and valvuloplas- 
ty in a small series of patients with bypass cannulas in- 
serted by surgical cutdown. When cardiopulmonary by- 
pass support is used prophylactically during high-risk 
coronary angioplasty, the term “supported angioplasty” 
has been applied. We report our initial experience with 
supported angioplasty in 51 consecutive patients in 
whom cardiopulmonary bypass support was instituted 
using a nonsurgical percutaneous insertion technique. 


A brupt closure of the dilated segment continues 


METHODS 

Study patients: Fifty-two consecutive patients were 
scheduled for supported angioplasty at Washington Ad- 
ventist Hospital between April and November 1988. In- 
formed consent was obtained. Patients were considered 
candidates for supported angioplasty if they had severe 
angina (Canadian Cardiovascular Society class III or 
IV) or unstable angina with poor left ventricular func- 
tion (ejection fraction <25%) or a vessel to be dilated 
that supplied >50% of the remaining viable myocardi- 
um. Patient exclusion criteria were: dilatation of the tar- 
get vessel(s) not technically feasible, presence of severe 
iliofemoral disease or history of a bleeding diathesis. 
Supplying flow to >50% of the viable myocardium was 
defined as either the target vessel(s) providing collater- 
als to another major occluded vessel or as the larger 
remaining vessel in the presence of a totally occluded, 
noncollateralized major vessel. Patients were also con- 
sidered for supported angioplasty even if they were not 


favorable surgical candidates because of the presence of 
severe distal coronary narrowings, severely depressed 
left ventricular function, multiple previous surgical re- 
vascularization procedures or severe systemic illness. 

Technique of percutaneous cardiopulmonary by- 
pass support: Patients received standard groin prepara- 
tion and local anesthesia in the catheterization laborato- 
ry. A 7Fr pigtail catheter was introduced through the 
right femoral artery to perform iliofemoral angiography 
visualizing first the left side. If angiography of the left 
iliofemoral system revealed acceptable anatomy, a 
Swan-Ganz thermodilution catheter was introduced 
into the right femoral vein for hemodynamic monitor- 
ing. The 7Fr pigtail catheter was then replaced by a 
standard 8Fr angioplasty sheath. If the anatomy of the 
left iliofemoral system was unsuitable for bypass cannu- 
las, introduction was performed on the right side if angi- 
ography revealed acceptable anatomy. Venous and arte- 
rial access to the femoral system was obtained and 
standard 8Fr sheaths were placed. Heparinization was 
accomplished using 300 U of heparin/kg of body 
weight. The 8Fr arterial sheath was removed over a 
0.038 inch flexible guidewire. The 8Fr long dilator 
(USCI Division of CR Bard) was introduced over the 
flexible guidewire. This guidewire was replaced by a 
stiff 0.038 inch guidewire and the long dilator was re- 
moved. Keeping the flexible tip of the stiff guidewire 
above the level of diaphragm, the artery was then dilat- 
ed with a 12Fr and then a 14Fr dilator. Next, a 20Fr 
arterial cannula (CR Bard) was introduced over the 
stiff guidewire. The dilator and guidewire were removed 
and the Robert clamp closed. Using a similar approach, 
a 20Fr multihole venous cannula (CR Bard) was ad- 
vanced into the right atrium with the tip positioned un- 
der fluoroscopy just above the junction of the inferior 
vena cava and the right atrium. The cannulas were then 
connected to a portable cardiopulmonary support sys- 
tem (CR Bard) that uses a centrifugal, nonocclusive 
pump (Bio Medicus), a polypropylene hollow fiber 
membrane oxygenator and a water-based heat exchang- 
er. The pulmonary wedge pressure was kept at 28 mm 
Hg before initiation of bypass. Cardiopulmonary bypass 
was then initiated at 2 liters of flow/min before start of 
angioplasty. The flow rate was increased in increments 
of 0.5 liters/min if pulmonary artery diastolic pressure 
was >5 mm Hg, hypotension occurred during balloon 
inflation or chest pain or ischemic electrocardiographic 
changes occurred within 3 minutes of balloon inflation. 
A mean blood pressure 260 mm Hg was accepted as 
long as the mixed venous oxygen saturation remained 
>65%. Activated clotting time was measured every 15 
minutes and was kept >400 seconds. All procedures 
were performed with a cardiac surgery team available 
for emergency treatment of vascular complications or 
bypass surgery if appropriate. 

Technique of percutaneous transluminal coronary 
angioplasty: The patients were premedicated with aspi- 
rin 325 mg daily before the procedure when feasible. 
An infusion of low molecular weight dextran was start- 
ed 3 hours before the procedure at a rate of 60 cc/hour. 


TABLE I Clinical Profile of 51 Patients Undergoing Supported 
Angioplasty 


Percent 


Age (yrs) 
Mean 
Male sex 
Previous MI 
Previous CABG 
Previous CHF 
Angina CCS IV 
CCS Ill 
Refractory angina 
Receiving IV nitroglycerin 
Receiving IAB support 
High risk for CABG 
Turned down for CABG 
Diabetes mellitus 
Previous history of CVA/TIA 
Severe COPD 
Renal failure 
Sternal dehiscence 
CABG = coronary artery bypass graft surgery; CCS = Canadian Cardiovascular 
Society class; CHF = congestive heart failure; COPD = chronic obstructive pulmonary 


disease: CVA = cerebrovascular accident; IAB = intraaortic balloon; MI = myocardial 
infarction; TIA = transient ischemic attack. 


TABLE Il Left Ventricular Function and Angiographic Results 
Before Angioplasty in 51 Patients 





No. Percent 
Left ventricular function 
EF <25% 20 39 
EF 26 to 35% 16 31 
EF 36 to 49% 10 20 
EF 250% 5 10 


No. major coronary arteries 
narrowed 250% in diameter 


Left main 9 18 
3 48 94 
2 2 4 


EF = ejection fraction. 


Coronary angioplasty was then performed from the con- 
tralateral femoral artery using the technique of Gruent- 
zig et al.” Angioplasty of the culprit vessel considered to 
be the most important (based on vessel size, lesion se- 
verity and area of myocardium in jeopardy) was initial- 
ly performed, and, if successful, additional vessels were 
attempted. Angiographic success was defined as a re- 
duction of stenosis to <50% luminal diameter narrow- 
ing. 
Termination of cardiopulmonary support: After the 
completion of angioplasty, cardiopulmonary support 
was gradually weaned in approximately 5 minutes and 
cannulas were clamped. While reducing the flow rate 
during termination of bypass, volume infusion was ad- 
ministered to obtain a pulmonary wedge pressure (or 
pulmonary artery diastolic pressure) of 8 to 10 mm Hg 
or at least the prebypass level. The cannulas were left in 
place for >20 minutes and, if patients appeared clinical- 
ly and hemodynamically stable, both bypass cannulas 
were removed in the catheterization laboratory. A cell 
saver was used to transfuse the blood remaining in the 
bypass system into the patient. An external clamp was 
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CARDIOPULMONARY SUPPORT IN ANGIOPLASTY 


TABLE Ill Results of 51 Patients Receiving Cardiopulmonary 
Support 


No. 
Cannulas insertion site (total) 51 
45 













Left femoral 88 

Right femoral 6 12 
Angioplasty of iliofemoral vessels 2 4 
Chest pain during dilatation 8 16 
ST-segment changes during dilatation 10 20 
Flow rate during bypass (liters /min) 2-5 

Mean 3.6 
Total bypass time (min) 10-91 






Mean 


TABLE IV Angioplasty Results: Location and Success 















Total coronary narrowings attempted 117 (2.3/pt) 
Location of coronary narrowings 

Left circumflex 33 

Right 31 

Left anterior descending 27 

Left main 9 

Diagonal 8 

Venous graft 5 

Septal 3 

Left internal mammary artery 1 
Multiple narrowings dilated 37 73 
Dilatation of only remaining artery or graft 14 27 
Angiographic success (narrowings) 115 98 






Angiographic success (culprit coronary artery) 51 





applied for hemostasis after the patient was put on a 
stretcher. The clamp pressure was adjusted so that a 
pedal pulse was either palpable or present on Doppler 
examination. No protamine sulfate was given and the 
patients were observed in the coronary care unit. The 
partial thromboplastin time was checked every 2 hours 
and the clamp pressure was released gradually once the 
partial thromboplastin time decreased to <100 seconds. 
The clamp was removed over the ensuing 8 to 16 hours. 
Unless contraindicated, patients received a maintenance 
oral anticoagulant for a period of 2 months to prevent 
deep venous thrombosis. 

Follow-up: Patients were evaluated with noninvasive 
Doppler flow studies 2 to 4 weeks after discharge for 
evidence of vascular abnormality at the cannula inser- 
tion site. Follow-up information was obtained by clinical 
examination by 1 of us or by telephone conversation 
with the referring physician or the patient. Repeat car- 
diac catheterization and iliofemoral angiography was 
performed 4 to 6 months after the procedure or earlier 
in the event of recurrent symptoms. Restenosis is de- 
fined as an increase in the luminal diameter stenosis of 
the dilated lesion to >50%. 


RESULTS 

Clinical and angiographic characteristics of the pa- 
tients are listed in Table I and II. Only 1 patient was 
excluded from the study because of bilateral iliofemoral 
disease noted on angiography. All others met the inclu- 
sion criteria. Supported angioplasty was undertaken as 
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TABLE V Complications Due to Percutaneous 
Cardiopulmonary Bypass Support in 51 Patients 


No. Percent 


Requiring surgical intervention 
Pseudoaneurysm of femoral artery* 
Infection requiring debridement 
Increasing hematoma 
Embolus 

Requiring nonsurgical intervention 
Femoral nerve weaknesst 
Superficial skin abrasion /necrosist 
Deep venous thrombosis* 

Minor superficial infection* 
TIA 48 hours after procedure?* 
Air embolus 

Minor gastrointestinal bleeding 


MON FO 


NMNMNMN ND @W OO 


* noted on follow-up; t due to clamp compression; + patient also had bilateral 
carotid artery stenoses. 
TIA = transient ischemic attack. 





a substitute for coronary bypass graft surgery in 31 pa- 
tients considered at high risk for unsupported angio- 
plasty. The remaining 20 were considered surgically in- 
operable with 14 (70%) turned down for bypass surgery 
by at least 1 cardiovascular surgeon. Of 9 patients with 
left main stenosis, 7 had no bypass grafts to the left 
coronary system. Of these 7, 5 were considered at a pro- 
hibitive risk for coronary bypass surgery and 2 had re- 
fused to undergo surgery. In 42 patients (83%) at least 
1 major coronary artery was totally occluded. 

onary support and angioplasty results: 
With the initiation of bypass support, filling pressures 
and systolic blood pressure declined and fluid adminis- 
tration through the pump intake was required in most 
patients (Tables III and IV). A volume infusion of 200 
to 700 cc of fluid was necessary to obtain adequate 
blood pressure during and before termination of bypass 
support. Pulmonary wedge/diastolic pressure was 0 to 5 
mm Hg during bypass. The mean diameter stenosis was 
reduced from 89 to 21%. Inflation times <300 seconds 
were well tolerated without subsequent evidence of 
myocardial injury by creatine kinase-MB isoenzyme de- 
termination. Two patients had acute occlusion of a di- 
lated vessel during the procedure. Both were redilated 
successfully using a larger balloon and prolonged infla- 
tion. In 1 of these patients, a 10-minute inflation was 
performed and in the other, intracoronary tissue plas- 
minogen activator was administered, in addition to re- 
peat dilatation. 

Complications: The complications were mostly at 
bypass cannula insertion sites (Table V). No patient re- 
quired emergency bypass surgery and all patients left 
the catheterization laboratory without mechanical cir- 
culatory support. The most common complication was 
the need for blood transfusion. In 50 patients hemostasis 
was achieved by external clamp alone. Nineteen of 
these 50 (38%) required blood transfusion ranging from 
l to 5 U (mean 2.2). One patient required surgical re- 
pair of the femoral artery because of bleeding and was 
transfused with 11 U. One patient had air in the right 
ventricular outflow tract just after the Swan-Ganz cath- 


eter was introduced via the right subclavian vein, which 
was successfully evacuated using a Swan-Ganz catheter; 
ihe were no sequelae. The source of air entry is not 
Clear. 

One patient developed an acute occlusion in 1 of the 
2 vessels dilated 24 hours after the procedure after dis- 
continuation of heparin. After an intraaortic balloon 
pump was inserted, the patient was treated with tissue 
plasminogen activator and successful repeat angioplasty 
was performed. This patient sustained a non-Q-wave in- 
farction and required surgical repair of the femoral ar- 
tery. Another patient developed an acute occlusion of 
the left circumflex (1 of 2 vessels dilated) 5 days after 
angioplasty. She was successfully redilated but had a 
small creatine phosphokinase-MB increase. 

There were 3 in-hospital deaths. The first patient 
was a 78-year-old woman who developed acute occlu- 
sion of the right coronary artery 4 days after multivessel 
angioplasty. Despite successful repeat dilatation, she 
died 9 days later due to renal failure, congestive heart 
failure and gastrointestinal bleeding. The second patient 
was a 76-year-old man with chronic renal failure who 
was turned down for bypass surgery because of multiple 
medical problems including a cerebrovascular accident. 
He developed a respiratory arrest due to aspiration 10 
days after the procedure. The third patient was a 67- 
year-old man with an ejection fraction of 30%, who died 
suddenly on the day of discharge due to ventricular 
fibrillation. 

Follow-up: Follow-up was obtained for all 48 dis- 
charged patients, ranging from 2 to 8 months (mean 
4.9). During the follow-up period there was 1 death of 
unclear etiology 2 months after discharge following 
noncardiac surgery. Other complications during follow- 
up are listed in Table V. Of the 4 patients with femoral 
nerve weakness, 3 have completely recovered and | still 
requires a cane to assist in walking. Seventeen patients 
(36%) underwent follow-up angiography either because 
of recurrence of symptoms (8 patients) or as a result of 
scheduled 4- to 6-month follow-up (9 patients). [liofem- 
oral angiography demonstrated no abnormality except 
in the 3 patients who had pseudoaneurysms. Coronary 
angiography demonstrated restenosis in 9 patients. Of 
these 9 patients, 1 had asymptomatic restenosis. Five 
patients were successfully redilated, 2 with cardiopul- 
monary support (balloon inflation without support re- 
sulted in chest pain and hypotension) and 3 without 
support (support was unnecessary because not all of the 
vessels originally dilated had restenosed). Three patients 
(all with left main restenosis) underwent coronary by- 
pass surgery and | patient was treated medically. At the 
last follow-up, with the inclusion of patients who had 
repeat angioplasty or bypass surgery, 31 (66%) were 
asymptomatic, 12 (26%) were in Canadian Cardiovas- 
cular Society class I and 4 (9%) were in class II. 


DISCUSSION 

Although associated with a high success rate, bal- 
loon angioplasty results in abrupt closure in 2 to 6%.! 
These events cannot be predicted beforehand! and can 


result in hemodynamic collapse or death,‘ particularly if 
the patient has poor left ventricular function or the tar- 
get vessel supplies a large amount of the remaining via- 
ble myocardium. In the event of abrupt closure, such 
patients may not survive long enough to undergo emer- 
gency bypass surgery. Also, balloon inflation results in 
ischemia and compromise of ventricular function that 
may last for a period of time after deflation®” and may 


be poorly tolerated. Using cardiopulmonary bypass to- 


support high-risk patients undergoing balloon angio- 
plasty, systemic perfusion can be maintained regardless 
of underlying cardiac function.!° 

Coronary angioplasty using cardiopulmonary by- 
pass (supported angioplasty): High-risk angioplasty us- 
ing cardiopulmonary bypass support has been reported 
by Vogel et alf in 3 patients in whom cannulas were 
placed after surgical exposure of the right femoral ar- 
tery and vein. We report 51 patients in whom supported 
angioplasty was performed with bypass cannulas insert- 
ed and removed by a percutaneous technique. In this 
series, angioplasty was performed in patients who were 
at high risk, including a subset in whom coronary by- 
pass surgery was not an option. Fourteen (27%) had the 
only remaining vessel dilated. Further, prolonged bal- 
loon inflation that may improve immediate postangio- 
plasty results and decrease restenosis!! may not be toler- 
ated by these patients. Most patients undergoing unsup- 
ported angioplasty develop ischemic electrocardio- 
graphic changes during balloon inflation.'* Even with 
marked unloading, wall motion abnormalities were ob- 
served in the 10 patients who had chocardiography dur- 
ing balloon inflation in our series. Despite this finding, 
only 16 to 20% developed electrocardiographic changes 
or chest pain during balloon inflation. The very low pul- 
monary wedge pressures seen and the elimination of 
chest pain by increasing the flow rate, in some, point to 
unloading, rather than collateral flow, as the cause for 
lack of electrocardiographic changes and symptoms. 

Femoral venoarterial cardiopulmonary bypass has 
been used previously before emergent open-heart sur- 
gery and as a resuscitation tool in cardiac arrest.!° The 
cardiopulmonary bypass support system we used differs 
from the traditional heart-lung machine, which is filled 
by gravity. Standard gravity-fed systems provide a flow 
of only about 2 liters/min using 18 to 20Fr cannulas. In 
this new system, venous blood is actively aspirated from 
the right atrium using a vortex pump, thus generating a 
flow of 5 to 6 liters/min using 18 to 20Fr cannulas. 
Mentation and systemic perfusion are maintained even 
during ventricular asystole or fibrillation. This reduces 
operator anxiety and may allow performance of a com- 
plete intervention in such high-risk patients. 

The use of an intraaortic balloon pump might have 
been adequate in some patients but this device can only 
increase cardiac output by about 20% and is ineffective 
in the absence of an intrinsic rhythm. Patient support 
with anterograde and retrograde perfusion catheters!*- 
16 is being investigated. When these techniques should 
be used instead of, or in addition to, cardiopulmonary 
bypass remains to be defined.!’ 
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Predictors of Success in Percutaneous 
Transluminal Coronary Angioplasty 
of Chronic Total Occlusions 
Paul J. LaVeau, MD, Michael S. Remetz, MD, Henry S. Cabin, MD, 


John F. Hennecken, MD, Susan H. McConnell, RN, Robin E. Rosen, RN, 
and Michael W. Cleman, MD 


Earlier studies have indicated that percutaneous 


transluminal coronary angioplasty (PTCA) of 
chronic total occlusions has a low success rate. To 
determine success rate and assess clinical and 
angiographic variables associated with success and 
complications, 57 total occlusions in 56 patients 
undergoing PTCA were analyzed. The clinical dura- 
tion of occlusion was 51 + 86 days. Success 
(<50% residual stenosis) was achieved at 40 of 57 
(70%) dilatation sites. Of these 57 total occlusions, 
5 were attempted within 24 hours of acute myocar- 
dial infarction, 35 between 1 day and 8 weeks of 
clinical occlusion, 13 >8 weeks and 4 were of un- 
known duration. Success rates were 4 of 5, 25 of 
35, 9 of 13 and 2 of 4, respectively, in each group 
(difference not significant, comparison of all time 
groups). Of the 9 narrowings with a successful 
PTCA for an occlusion >8 weeks, the mean dura- 
tion of occlusion was 93 + 41 days (range 60 to 
180). None of the attempted dilatations of occlu- 
sions with a clinical duration of >180 days (n = 3) 
was successful. None of the clinical or angiographic 
variables (including tortuosity, length of occlusion 
gap, distance of the occlusion from the vessel ori- 
gin, thrombus, lesion calcium, collaterals, prior 
myocardial infarction, vessel dilated or diffuse dis- 
ease) impacted on success rate (difference not sig- 
nificant for all). No patient died, had a Q-wave in- 
farction, required emergency coronary artery by- 
pass grafting or underwent repeat PTCA within 7 
days of the procedure. Non-Q-wave infarction oc- 
curred in 2 of 56 patients (4%). Thus, PTCA of 
total occlusions, even those of a chronic nature, can 
be performed with a good acute success rate and a 
very low risk of major complications. In addition, 
clinical and angiographic variables assist little in 
predicting PTCA success for chronic total occlu- 
sions although occlusions of >6 months’ duration 
may have a low success rate. 

(Am J Cardiol 1989;64:1264-1269) 
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luminal coronary angioplasty (PTCA) in symp- 

tomatic patients with angina pectoris, there re- 
main subsets of symptomatic patients in whom PTCA is 
of uncertain value. Patients with chronic total occlusions 
have been reported to have a lower primary success rate 
and an increased cardiac event rate during long-term 
follow-up after PTCA when compared to patients with- 
out total occlusions. The appropriate intervention for 
symptomatic patients with chronic total occlusions of 
coronary arteries is therefore unclear.'~© In addition, 
clinical and angiographic predictors of successful angio- 
plasty or adverse outcome are poorly delineated in pa- 
tients with total occlusions. The clinical variables associ- 
ated with PTCA success or failure may help in selecting 
patients who will have a reasonable likelihood of success 
along with a low frequency of complications. We evalu- 
ate clinical and pre-PTCA angiographic variables that 
might predict acute success or complications after angi- 
oplasty for chronic total occlusion. 


D espite the proven efficacy of percutaneous trans- 


METHODS 

Study population: The records of patients who un- 
derwent PTCA performed by the Yale University Angi- 
oplasty Service between May 1985 and May 1988 were 
reviewed and 56 patients with 57 totally occluded coro- 
nary arteries who underwent attempted PTCA were 
retrospectively evaluated. A total occlusion was defined 
by the absence of any angiographic contrast for a dis- 
tance of 21 8Fr guide catheter diameter. This included 
vessels with no contrast flow to the distal vessel and ves- 
sels with faint distal opacification due to anterograde or 
retrograde collaterals. Subtotally occluded vessels were 
defined as vessels with faint intraluminal dye channels 
or nonvisualized contrast flow of <1 guide catheter di- 
ameter with complete anterograde filling of the involved 
vessel. Subtotally occluded vessels that are termed func- 
tional total occlusions in other reports!->5 were exclud- 
ed. 

Definition of clinical and angiographic variables: 
Clinical variables were evaluated by chart review. The 
variables examined included the clinical duration of oc- 
clusion, whether myocardial infarction was associated 
with the occlusion and whether thrombolytic therapy 
was used. The “clinical duration of occlusion” was an 
attempt to estimate the point in time when the coronary 
artery occluded. This was defined either as the date of 
myocardial infarction in the distribution of the occluded 
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coronary artery or as the date of an abrupt worsening of 
e~ angina pectoris that led to coronary arteriogra- 
phy. 

Angiographic variables assessed on the angiogram 
before PTCA included vessel tortuosity, diffuse disease 
in the involved vessel, calcium at the site of occlusion, 
thrombus at the site of occlusion, a side branch at the 
site of occlusion, the configuration of the proximal site 
of occlusion (funnelling), the vessel involved, the visual- 
ized length of the occluded segment (angiographic gap) 
and the distance from the vessel origin to the site of 
occlusion. Vessel tortuosity was defined as =>2 bends in 
the vessel >45°. Diffuse disease of the involved vessel 
required the presence of intraluminal narrowing of 
250% at 21 location proximal to the occlusion. Angio- 
graphic criteria for thrombus included either an intralu- 
minal filling defect with contrast surrounding the defect 
surface or dye staining at the site of occlusion. The pres- 
ence of calcium at the site of occlusion was determined 
before contrast injection by the presence of the typical 
radiopaque substance in the vessel wall. A side branch 
was said to be present if a branch could be identified 
within 5 mm of the proximal aspect of the occlusion. All 
angiographically visible side branches were included, as 
it was thought that even small branches could misdirect 
the PTCA guidewire, making crossing of the total oc- 
clusion difficult. The proximal configuration of the site 
of occlusion was evaluated for the presence of a tapered 
or funnelled surface, which might assist in guidewire 
placement. This would contrast an abrupt flush proxi- 
mal surface to the occlusion, which would not assist in 
guidewire positioning across the occlusion. The length 
of the occlusion was determined in those patients with 
bridging collaterals in which both the proximal and dis- 
tal surfaces of the occlusion could be defined. 

Angiograms before PTCA were evaluated for the 
presence of collaterals and degree of anterograde angio- 
graphic flow to the distribution of the totally occluded 
vessel. The presence of both anterograde and retrograde 
collaterals was noted and subjectively graded on a 0 to 3 
scale according to the method described by Rentrop et 
al.’ Subjective anterograde flow to the distribution of 
the occluded artery was graded on the angiogram both 
before and after PTCA by a 0 to 3 scale according to 
the method used in the Thrombolysis in Myocardial In- 
farction (TIMI) trial.’ 

Several variables were also determined from the 
angiogram after PTCA and analyzed for possible as- 
sociation with acute complications. The presence of 
thrombus after PTCA was evaluated using the previ- 
ously stated definition. The presence and severity of 
angiographic dissection was also determined from the 
angiogram after PTCA. Dissection was defined as a lin- 
ear contrast defect in the vessel wall visualized in any 
angiographic projection after the procedure. The sever- 
ity of the dissection was then subjectively graded on a 1 
to 4 scale. Grade 1 dissection was defined as a linear 
contrast defect seen in only 1 of multiple angiographic 
projections that did not significantly compromise the lu- 
men and did not extend beyond the site of PTCA bal- 
loon inflation. Grade 2 dissection included linear defects 


seen in 22 angiographic views associated with dye ex- 
tending beyond the estimated confines of the vessel wall. 
Grade 2 dissections did not compromise lumen diameter 
and did not extend beyond the site of PTCA balloon 
inflation. Grade 3 dissections included all the elements 
of grade 2 but in addition also compromised luminal 
diameter by =30%. Grade 4 dissections included all the 
criteria for grade 3 along with propagation of the dis- 
section beyond the site of PTCA balloon inflation. 
Grade 4 included all spiral dissections. 

Standard angioplasty procedure: The majority of 
the attempted angioplasties were performed using an 
over-the-wire catheter system (USCI) with wires of in- 
creasing stiffness from the 0.014-inch Veriflex™ to the 
0.016-inch standard wire and a low profile dilatation 
balloon. In several of the latter cases the USCI Probe™ 
or the Versaflex Omniflex™ fixed-tip wire catheter sys- 
tems were used. A successful angioplasty of a totally 
occluded artery was defined as a residual stenosis of 
<50% at the completion of the procedure. All patients 
received a bolus of 10,000 U of heparin before angio- 
plasty and a repeated heparin bolus of 2,000 to 3,000 U 
every hour. After angioplasty arterial sheaths remained 
in place overnight and the patients received intra- 
venous heparin therapy, maintaining the partial throm- 
boplastin time at twice normal control values. Intrave- 
nous nitroglycerin was begun before the procedure and 
was continued for 24 hours. Aspirin and calcium antag- 
onist therapy was begun before and continued after 

A. 


Definition of complications: Major acute cardiac 
complications of angioplasty were defined as ischemia 
leading to emergency revascularization (either repeat 
PTCA or coronary artery bypass grafting) or Q-wave 
myocardial infarction within 7 days of angioplasty. Mi- 
nor clinical complications included non-Q-wave myocar- 
dial infarction, defined as a serum creatine phosphoki- 
nase enzyme determination greater than twice normal 
and positive MB isoenzyme fraction in the absence of 
both Q-wave formation on a 12-lead electrocardiogram 
and recurrent myocardial ischemia requiring revascu- 
larization. Angiographic complications of angioplasty 
were defined as distal vessel cutoff secondary to emboli- 
zation, myocardial staining, loss of side branch or tran- 
sient acute closure in the laboratory that was successful- 
ly redilated. 

All arteriograms were evaluated for pre-PTCA angi- 
ographic predictors, angiographic success and complica- 
tions by at least 2 cardiologists with clinical expertise in 
coronary angioplasty. All diameters and distances were 
measured with electronic calipers (Brown and Sharpe, 
model 599-571-3) and corrected for magnification using 
the guide catheter diameter. Percent stenosis was de- 
fined relative to the normal vessel diameter proximal to 
the site of occlusion. 

Statistical analysis: Data from subgroups were com- 
pared with either a chi-square analysis (with Yates’ cor- 
rection) for categorical variables or the unpaired ¢ test 
for continuous variables. All continuous variables were 
expressed as mean + | standard deviation. A p value 
<0.05 was considered statistically significant. 
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CORONARY ANGIOPLASTY OF CHRONIC TOTAL OCCLUSIONS 


TABLE I Characteristics of Patients Undergoing 
Percutaneous Transluminal Coronary Angioplasty of Total 
Occlusions 


Age (yrs) + standard deviation 57412 
Male sex (%) 44/56 (79) 
Prior myocardial infarction (%) 35/56 (67) 
Type of case (%) 
1-vessel dilatation 
Multivessel dilatation 


40/56 (71) 
16/56 (29) 


TABLE Il Dilatation Site Characteristics for Arteries 
Undergoing Percutaneous Transluminal Coronary Angioplasty 
of Total Occlusions 


Coronary artery dilated (%) 
Right 24/57 (42) 


Left anterior descending 21/57 (37) 
Left circumflex 12/57 (21) 
Duration of occlusion (days + SD) 51+ 86 
Angiographic success (%) 40/57 (70) 
Percent residual stenosis (% + SD) 2648 
(successful dilatations) 
Major complications 0/57 
Non-Q-wave myocardial infarction (%) 2/57 (3:3) 
Angiographic complications (%) 8/57 (14) 
Distal embolization 4 
Myocardial staining 1 
Proximal vessel dissection 2 
Transient acute closure 1 


SD = standard deviation. 


RESULTS 

Patient characteristics: The study population com- 
prised 56 patients with 57 totally occluded coronary 
arteries (Table I). The mean age was 57 + 12 years 
(range 35 to 78) and 44 of 56 (79%) were men. The 
occlusion was associated with myocardial infarction in 
35 (67%) patients. The right coronary artery system 
was involved in 24 (42%) of the vessels dilated, the left 
anterior descending in 21 (37%, including 1 saphenous 
vein graft to the left anterior descending) and the left 
circumflex system in 12 (21%) (Table II). Sixteen of 
the patients underwent PTCA of a total occlusion as 
part of a multivessel procedure and 40 had total occlu- 
sion dilatation as an attempted 1-vessel angioplasty. 

The clinical duration of the 51 total occlusions was 
51 + 86 days (range 0 to >365). The clinical duration 
of occlusion before PTCA was <24 hours in 5, between 
1 day and 8 weeks in 35, >8 weeks in 13 and could not 
be established with certainty in 4. Thrombolytic therapy 
(either intracoronary or intravenous streptokinase or in- 
travenous recombinant tissue plasminogen activator) 
was used in 4 (7%) of the patients at the time of myo- 
cardial infarction. 

Acute angiographic success: Acute angiographic 
success, with a residual stenosis <50%, was obtained in 
40 of 57 (70%) of the attempted total occlusions (Table 
II). Of the 5 vessels with a clinical duration of occlusion 
<24 hours the angioplasty was successful in 4 (80%) 
(Table III). In the 35 vessels occluded between 1 day 
and 8 weeks PTCA was acutely successful in 25 (71%). 
For the 4 lesions with an indeterminate clinical duration 
of occlusion 2 (50%) had a successful outcome. In the 
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TABLE Ill Association of Clinical and Angiographic Variables 
with Successful Percutaneous Transluminal Coronary 
Angioplasty 


% % 
Success Success 
Variable Variable 
Variable Present Absent p Value 


Clinical variables (%) 
MI associated with occlusion 25/35(71) 13/22 (76) 
Prior thrombolytic therapy 4/4(100) 36/53 (68) 
Angiographic variables (%) 
Side branch at PTCA site 29/41 (70) 11/16 (69) 
Funnelled surface 28/38 (73) 12/19 (63) 
Calcium at PTCA site 3/7 (43) 37/50(74) 
Thrombus at PTCA site 14/18(78) 26/39 (67) 
Diffuse disease 6/13 (46) 34/44(77) 
Vessel tortuosity 2/5(40) 38/52 (73) 
Anterograde collateral flow 26/36(71) 14/21 (67) 
Clinical duration of occlusion (%) 
<24 hours 4/5 (80) 
1 day to 8 weeks 25/35 (71) 
>8 weeks 9/13 (69) 
Unknown 2/4 (50) 
Coronary artery dilated (%) 
Right 16/24 (67) 
Left anterior descending 15/21 (71) 
Left circumflex 9/12 (75) 
* p value for comparison of success rates for all groups. 


t p value for comparison of success rates for all 3 vessels. 
MI = myocardial infarction; PTCA = percutaneous transluminal coronary angio- 





13 vessels occluded >8 weeks the procedure was suc- 
cessful in 9 (69%). Of these 9 lesions the mean clinical 
duration of occlusion was 93 + 41 days (range 60 to 
180). The 4 unsuccessful attempts in occlusions with 
clinical duration beyond 8 weeks occurred in vessels oc- 
cluded for 120 days, 4 years, 4 years and 15 years. 
These attempts occurred as part of a multivessel proce- 
dure for 1 of the vessels occluded for 4 years and for the 
vessel occluded for 15 years. In the other vessel occlud- 
ed for 4 years, PTCA was attempted in an effort to 
prevent 1-vessel coronary artery bypass grafting in a 75- 
year-old patient. The frequency of success in each of the 
groups by clinical duration of occlusion was not statisti- 
cally significant for the 3 groups in which the clinical 
duration of the occlusion was known. 

PTCA was successful in 25 of 35 (71%) vessels asso- 
ciated with an earlier myocardial infarction and in 13 of 
17 (76%) occlusions without an associated prior myo- 
cardial infarction (difference not significant). Of the 4 
occlusions previously treated with thrombolytic therapy 
the procedure was acutely successful in 4 (100%). In the 
53 occlusions not treated with thrombolytic therapy, 
PTCA was successful in 36 (68%, difference not signifi- 
cant) (Table III). 

None of the angiographic variables on the angio- 
grams before PTCA was predictive of a successful angi- 
oplasty (Table III). A side branch at the site of occlu- 
sion that might divert the guidewire and thereby inter- 
fere with the angioplasty was present in 41 cases with 
29 (70%) successful results. Of the 16 narrowings at- 
tempted without a side branch the procedure was suc- 
cessful in 11 (69%) arteries (difference not significant). 


A “funnelled” or tapering surface morphology of the 
proximal surface of the occlusive plaque was present in 
38 vessels attempted and the remaining 19 occlusions 
had a blunt or flush proximal surface. Angioplasty was 
successful in 28 (73%) of occlusions with a tapered 
proximal surface and in 12 (63%) with a blunt proximal 
surface (difference not significant). Calcium was un- 
common at the site of total occlusion, with only 7 (12%) 
calcified occlusions identified. A successful acute out- 
come occurred in 3 (43%) of these vessels and in 37 
(74%) of the 50 occluded vessels without calcium at the 
attempted site (difference not significant). Thrombus 
was identified before angioplasty in 18 vessels, of which 
14 (78%) had a successful result. In the 39 vessels with- 
out thrombus PTCA was successful in 26 (67%, differ- 
ence not significant). Diffuse disease was present in 13 
vessels and absent in 44 vessels. Angioplasty was suc- 
cessful in 6 (46%) and 34 (77%) of these vessels, respec- 
tively (difference not significant). Tortuosity of the oc- 
cluded vessel was present in 5 and absent in 52 cases. 
Angiographic success with vessel tortuosity occurred in 
2 (40%) of the occlusions attempted and in 38 (73%) 
without tortuosity (difference not significant). 

The major coronary arterial system with the total 
occlusion was the right coronary artery, left anterior de- 
scending and left circumflex systems in 24, 21 and 12 of 
the vessels, respectively. An acute successful outcome 
occurred in 16 (67%) angioplasties of the right coronary 
artery system, in 15 (71%) of those involving the left 
anterior descending system and in 9 (75%) of the total 
occlusions of the left circumflex system (difference not 
significant for success frequency vs major vessel in- 
volved). The distance from the origin of the vessel or 
branch to the proximal surface of the occlusion was not 
significantly different between the successful (mean dis- 
tance of 25 + 16 mm) and unsuccessful procedures 
(mean distance of 23 + 16 mm). Slow distal vessel fill- 
ing (TIMI grade 1 to 2) from anterograde collaterals 
occurred in 36 vessels. Angioplasty was successful in 26 
(71%) of these cases and in 14 of 21 (67%) occlusions 
with no anterograde filling of the distal vessel (differ- 
ence not significant). Of the 44 vessels in which both 
the proximal and distal boundaries of the total occlusion 
could be identified the radiolucent “gap” did not differ 
significantly between those with a successful or unsuc- 
cessful result (mean distance of 9.8 + 10.8 vs 8.5 + 5.1 
mm, respectively, difference not significant). 

Acute complications: No patient had a major acute 
cardiac complication leading to either repeat PTCA, 
coronary artery bypass surgery or acute Q-wave myo- 
cardial infarction (Table II). Two non-Q-wave myocar- 
dial infarctions occurred as minor clinical complica- 
tions. One non-Q-wave myocardial infarction occurred 
due to embolization of thrombus causing distal vessel 
occlusion of the right coronary artery. Serum myocardi- 
al enzymes were mildly elevated (serum creatine phos- 
phokinase of 148 with positive myocardial fraction, nor- 
mal <50) and associated with inferior T-wave inver- 
sions on the electrocardiogram. The other patient had 
transient vessel closure during PTCA and elevated myo- 


cardial enzymes (serum creatine phosphokinase 188 
with positive myocardial fraction) after it. 

Angiographic complications of angioplasty occurred 
in 8 (14%) of the patients. Embolization of thrombus 
with distal vessel occlusion accounted for 4 (50%) of 
these events. Only 1 of these 4 cases had electrocardio- 
graphic changes and elevation of myocardial enzymes. 
This patient was the first case of non-Q-wave myocardi- 
al infarction described earlier in the discussion of minor 
clinical complications. Myocardial staining occurred in 
1 failed dilatation performed during an acute inferior 
myocardial infarction in which treatment with intracor- 
onary streptokinase was unsuccessful. Two unsuccessful 
procedures had significant proximal vessel dissections 
that were not associated with elevation of serum cre- 
atine phosphokinase. One patient mentioned previously 
(for minor clinical complications) had transient acute 
closure in the catheterization laboratory that was suc- 
cessfully redilated. This patient had elevated myocardial 
enzymes after the procedure. 

There were no clinical or angiographic variables sig- 
nificantly associated with clinical complications. There 
were also no Clinical variables associated with angio- 
graphic complications. Only 1 angiographic variable be- 
fore the procedure was associated with angiographic 
complications. This was the length of the occlusion or 
“occlusive gap.” In the 44 occlusions with a discernable 
gap, the 6 with angiographic complications had a gap 
length of 21 + 22 mm compared to a gap length of 8 + 
5 mm in the 38 occlusions without angiographic compli- 
cations (p = 0.001). The presence of thrombus on the 
angiogram after PTCA was associated with angio- 
graphic complications. Angiographic complications oc- 
curred in 5 of the 9 (56%) lesions with thrombus on 
angiography after PTCA compared to 3 of 48 (8%) le- 
sions without thrombus (p = 0.0007). The use of throm- 
bolytic therapy, clinical duration of occlusion, thrombus 
before PTCA and all other variables analyzed were 
not significantly associated with angiographic complica- 
tions. 


DISCUSSION 

We demonstrate that PTCA of totally occluded cor- 
onary arteries can be performed with a reasonable like- 
lihood of acute success and a very low risk of major 
clinical complications. Unlike previous investigators 
evaluating angioplasty for chronic total occlusions, we 
did not find the outcome to be influenced substantially 
by either the clinical duration of occlusion, history of 
infarction in the distribution of the occluded artery or 
angiographic variables from the angiogram before the 
procedure. !4-6 

In earlier reports, clinical duration of occlusion sig- 
nificantly influenced acute angioplasty success rate.!4-6 
This difference has been postulated by several investiga- 
tors to relate to progressive organization and fibrosis of 
the thrombus responsible for the occlusion. Holmes et 
alt reported that occlusion duration of <12 weeks had 
an acute success rate of 68% (13 of 19) as compared to 
no successes in the 5 patients with a duration of >12 
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weeks. DiSciascio et al5 reported a 74% success rate (14 
of 19) when the occlusion duration was <2 weeks and 
55% (15 of 27) when the duration was >2 weeks. Ker- 
eiakes et al! reported a 67% success rate (37 of 55) 
when the duration was <20 weeks and an 18% success 
rate (3 of 17) when the duration was >20 weeks. Mel- 
chior et al® noted success rates of 69, 50 and 11% for 
occlusion durations of <1 month, 1 to 6 months and >6 
months, respectively. 

Why our results differ from these studies is not 
clear. The studies of Holmes, Kereiakes, DiSciascio and 
co-workers were all performed before 1984. These re- 
sults may reflect limitations imposed by earlier equip- 
ment and a less aggressive approach used during the 
initial phases of angioplasty. A common limitation cited 
in these studies was an inability to position the higher 
profile dilatation catheters across the occlusion despite 
the ability to successfully pass a guidewire beyond the 
lesion. In 1 study there were significant differences in 
the type of equipment used compared to our study.® In 





FIGURE 1. Left anterior oblique projection of a totally occlud- 
ed right coronary artery from a patient who had an inferior 
wall myocardial infarction 4 weeks before percutaneous trans- 
luminal coronary angioplasty. 





system positioned across the total occlusion. This catheter 
was used after several unsuccessful attempts at lesion 
crossing using standard, over-the-wire systems. 
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FIGURE 3. Angiogram after PTCA showing a 
result. 


the study of Melchior et al angioplasty was attempted 
in all cases with an over-the-wire system and 0.012- to 
0.014-inch guidewires. In contrast, we used the 0.016- 
inch standard steerable wire in crossing many total oc- 
clusions. In an effort to further stiffen the guidewire, we 
frequently advanced the balloon dilatation catheter into 
the totally occluded arterial segment. These stiffer wire 
systems may allow crossing of occlusions that would not 
have yielded to more flexible guidewires. In addition, 
newer, low profile, over-the-wire catheters have proba- 
bly improved the likelihood of balloon positioning across 
well-organized total occlusions. In several of our more 
recent cases advanced generation, fixed-tip catheters, 
such as the USCI Probe and the Versaflex Omniflex, 
have allowed a lesion to be successfully dilated when the 
standard over-the-wire catheter systems failed (Figures 
1 through 3). 

In vessels with an occlusion duration >8 weeks the 
mean duration of occlusion of successful cases was 3 
months with a range <6 months. Additionally, 3 of the 
4 unsuccessful attempts in this group occurred in pa- 
tients with occlusions of >4 years’ duration. We suggest 
that chronic coronary occlusions can be successfully di- 
lated beyond 2 months and that patients with symptom- 
atic ischemia from a region of occlusion can be safely 
and successfully approached. However, none of our pa- 
tients with occlusion duration >180 days was success- 
fully dilated. The number of attempted lesions with oc- 
clusion duration >180 days was small (3 lesions) and 
this prevents firm conclusions regarding success rate in 
this population. Nevertheless, our study does suggest 
that occlusions >6 months may have a low success rate. 

We also analyzed clinical and angiographic variables 
that might predict cases with a high likelihood of either 
PTCA success or complications. However, we did not 
identify any variables that correlated with frequency of 
acute success. This is at variance with the study of Ker- 
eiakes et al,? which suggests that lesions resulting in 
acute myocardial infarction or with a long segment of 
occlusive plaque may have characteristics that make 
PTCA success less likely. Our study does not support 
these conclusions, as history of myocardial infarction 








and occlusion length had no significant effect on PTCA 
success. These differences may again be explained by 
the use of more recently developed dilatation catheters, 
improvements in radiographic visualization or differ- 
ences in patient population. 

Some of the angiographic variables analyzed with 
regard to impact on success rate had a low observed 
frequency. Calcification was present in only 7 of 57 di- 
latation sites. Vessel tortuosity was present in only 5 of 
57 sites. This low observed frequency makes conclusions 
regarding the impact of the variables on success rate 
very tenuous. With greater numbers, lesion calcification 
and vessel tortuosity may impact on success rate for 
PTCA of total occlusions. In contrast, the other vari- 
ables that were observed with greater frequency (prior 
infarction, length of occlusive gap, funnelled lesion 
surface, diffuse disease and anterograde collaterals) 
showed no significant trends toward predicting PTCA 
success for total occlusions. 

Our results support other studies that demonstrate 
the limited nature of acute complications from PTCA 
of total coronary artery occlusions. All previous studies 
note a significantly lower morbidity rate when PTCA of 
total occlusions is compared to angioplasty of non- 
occluded coronary arteries. None of the previous studies 
reports deaths during attempted angioplasty of a totally 
occluded coronary artery. Only Safian et al? reported 
cases requiring emergent coronary artery bypass graft- 
ing (secondary to side branch occlusion in 2 patients 
and to guidewire fracture in 1). Previous studies have 
reported a similar rate of distal coronary embolic oc- 
clusion after successful angioplasty.! As in our study, 
distal embolization was rarely associated with enzymat- 
ic or electrocardiographic evidence of myocardial necro- 
sis. 
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The current study is limited in several respects. It is 
a retrospective analysis of totally occluded coronary 
arteries referred to 1 center for attempted PTCA. This 
clearly introduces a case selection bias in that only cases 
deemed appropriate for PTCA were included in the 
study. Additionally, the small number of patients in the 
current and other studies introduces the possibility of 
beta error, especially with subgroup analysis. With 
greater numbers small differences in success frequency 
related to duration of coronary occlusion may show sta- 
tistical significance. However, even with larger numbers 
the very low success rates for PTCA of long-standing 
coronary occlusions noted from prior studies would be 
unlikely. 
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Early Hospital Discharge After Percutaneous 


Transluminal Coronary Angioplasty 
David R. Cragg, MD, Harold Z. Friedman, MD, Steven L. Almany, MD, 


Vellappillil Gangadharan, MD, Renato G. Ramos, MD, Arlene B. Levine, MD, 
Timothy A. LeBeau, RN, and William W. O'Neill, MD 


To determine the safety and efficacy of early 
hospital discharge after percutaneous transluminal 
coronary angioplasty (PTCA), 100 patients were 
studied prospectively. A telemetry observation unit 
was established to monitor patients having uncom- 
plicated procedures. A total of 170 lesions were di- 
lated, with a procedural success rate of 96% and a 
clinical success rate of 91%. There were no deaths 
or patients who required emergency bypass sur- 
gery. Four patients developed abrupt vessel closure 
in the catheterization laboratory. No major compli- 
cations developed in the telemetry observation unit 
or after discharge. Patients with high-risk lesion 
morphology, based on the American College of 
Cardiology/American Heart Association Task Force 
guidelines, tended to have a lower success rate and 
more procedural complications. Coronary dissec- 
tions were angiographically detected in 33 patients 
and stratified into 6 types. To reduce possible ad- 
verse sequelae, all patients with complex dissec- 
tions were triaged in the catheterization laboratory 
to an in-patient monitored unit for additional man- 
agement. Accordingly, 20 patients were admitted 
to an in-patient unit for extended observation. Ex- 
cluding 4 patients with myocardial infarction, 75% 
(12 of 16) were discharged the next day. 

Initial experience with early discharge suggests 
that under proper conditions the procedure is safe 
and effective. Patients with complex coronary dis- 
sections who are at high risk for abrupt vessel clo- 
sure can be promptly identified after dilatation and 
triaged to an appropriate monitoring area. Early 
discharge after PTCA offers more efficient use of 
hospital facilities and the opportunity to reduce 
hospital costs. 

(Am J Cardiol 1989;64:1270-1274) 


From the Department of Medicine, Division of Cardiovascular Dis- 


eases, William Beaumont Hospital, Royal Oak, Michigan. Manuscript 
received July 27, 1989; revised manuscript received and accepted Au- 
gust 21, 1989. 

Address for reprints: Harold Z. Friedman, MD, Division of Cardio- 
vascular Diseases, William Beaumont Hospital, 3601 West Thirteen 
Mile Road, Royal Oak, Michigan 48072-2793. 


1270 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


luminal coronary angioplasty (PTCA) remain in- 

tegral components in the management of pa- 
tients with severe coronary artery disease. Technical 
improvements and directives of insurance carriers have 
resulted in a trend for greater use of outpatient diagnos- 
tic cardiac catheterization procedures.'~> Similar refine- 
ments in balloon catheter design and increasing opera- 
tor experience have improved the success and safety of 
PTCA in recent years.®* Moreover, analysis of the re- 
cent PTCA experience at our institution revealed that 
many patients who had uncomplicated in-patient proce- 
dures might have been safely discharged within 24 
hours. Thus, early discharge after PTCA appeared to be 
feasible at our institution. Because procedural complica- 
tions may arise even in low-risk cases emergency surgi- 
cal support was available for all angioplasty proce- 
dures.’ Despite the geographic constraints of locating an 
outpatient telemetry unit within the hospital, PTCA is 
feasible in an outpatient type of setting. We report our 
initial clinical experience with such a program. 


(iin catheterization and percutaneous trans- 


METHODS 

Telemetry observation unit: A 4-bed unit was estab- 
lished for patient monitoring after PTCA. The unit is 
equipped with bedside hemodynamic and electrocardio- 
graphic telemetry monitoring and staffed to maintain a 
2:1 patient-to-nurse ratio. All nursing personnel re- 
ceived 6 weeks of training in hemodynamic monitor- 
ing, arrhythmia detection and management of vascular 
sheaths. The unit is considered “outpatient” based on 
administrative structure and is geographically situated 
in the main hospital building, in proximity to both the 
cardiac catheterization laboratory and coronary care 
unit. 

Patient selection: The first 100 patients to undergo 
elective PTCA from the telemetry observation unit at 
William Beaumont Hospital between July 1988 and 
January 1989 were studied. Patients with stable myo- 
cardial ischemia and postinfarction angina were eligible 
for inclusion. Patients were excluded if they had severe 
congestive heart failure (ejection fraction <35%), unsta- 
ble angina, significant valvular heart disease or a major 
comorbid illness. Patients with prior PTCA (including 
restenoses) or previous coronary artery bypass surgery 
were not excluded. PTCA could be performed immedi- 
ately after a diagnostic catheterization procedure. 

An interventional cardiology fellow performed the 
initial patient evaluation in an ambulatory clinic 2 


working days before the procedure. After examination 
and educational instruction, an electrocardiogram, bio- 
chemistry screen, complete blood count and coagulation 
profile were completed. All patients received daily aspi- 
rin (325 mg) and a calcium antagonist before PTCA. A 
clerk telephoned the patients the day before the proce- 
dure and informed them of their arrival time and loca- 
tion of the telemetry observation unit. On arrival, the 
patients again received educational information, and in- 
travenous hydration was begun. Procedures were per- 
formed only when a cardiovascular surgical team was 
available. 

Angioplasty technique: The Judkins femoral tech- 
nique was used in all procedures using either short (11 
cm) 8Fr or long (22 cm) 9Fr arterial sheaths and 8Fr or 
9Fr PTCA guiding catheters. Heparin, 10,000 U, was 
administered as a bolus after arterial access and an ad- 
ditional 5,000 U was given every 60 minutes during the 
procedure. PTCA was performed using previously de- 
scribed techniques.”!° The use of transvenous pacing 
catheters, nonionic contrast media and thrombolytic 
agents was discretionary. After an uncomplicated 
PTCA the patient returned to the telemetry unit for 
monitoring of arterial pressure, peripheral pulses and 
heart rhythm. Nitrates, a calcium antagonist and aspi- 
rin were routinely provided. An electrocardiogram was 
obtained on arrival and again before discharge. Serum 
creatine kinase levels were not obtained unless clinically 
indicated. 

Patients were triaged in the catheterization laborato- 
ry or the outpatient telemetry unit to an in-patient te- 
lemetry unit, coronary care unit or to the operating 
room for emergency bypass surgery when indicated. In 
uncomplicated cases, heparin therapy was terminated at 
the end of the procedure and the vascular sheaths were 
subsequently removed in 3 to 4 hours by trained person- 
nel or a cardiology fellow. Heparin could be infused up 
to 12 hours in the telemetry unit when clinically indicat- 
ed. If a thrombolytic agent was used, an activated clot- 
ting time (<120 seconds) and fibrinogen level (2150 
mg/dl) were obtained before sheath removal. After he- 
mostasis was established by manual compression for 
215 minutes, elastic pressure bandages and a sandbag 
were applied and strict bedrest was maintained for 26 
hours. Before release from the unit, a cardiology fellow 
removed the bandages and inspected the inguinal area, 
reviewed the electrocardiogram and ambulated the pa- 
tient. The day after discharge all patients were inter- 
viewed by telephone. All patients also received follow- 
up by their primary staff cardiologist. 

Data collection: Historical details, clinical data and 
results of coronary arteriography were obtained pro- 
spectively. The information included age, sex, previous 
myocardial infarction, previous coronary bypass sur- 
gery, previous PTCA, angina class (Canadian Cardio- 
vascular Society), history of hypertension (2150/95 
mm Hg), diabetes mellitus and cigarette smoking. Oth- 
er variables included: use of a thrombolytic agent, 
length of stay and reason for transfer to an in-patient 
unit. When a complication was identified the patient lo- 


cation and the time in relation to PTCA were recorded. 
A major procedural complication was defined as death, 
myocardial infarction or need for emergency coronary 
artery bypass surgery. Abrupt vessel occlusion was con- 
sidered a major complication under all circumstances. 
A minor angiographic abnormality was defined as local- 
ized intimal disruption, nonocclusive thrombus forma- 
tion and side branch occlusion. Clinical complications 
included chest pain after PTCA with or without isch- 
emic electrocardiographic changes, arrhythmias, hema- 
tomas and excessive bleeding requiring transfusion. 

Two cardiologists unaware of the clinical outcome 
interpreted all coronary angiograms. They noted the 
number of lesions dilated, location, morphology and 
percent diameter obstruction before and after PTCA. 
Stenosis morphology was classified by length, contour, 
angulation and calcium within the narrowing, according 
to American College of Cardiology/American Heart 
Association Task Force guidelines.'! Patients with mul- 
tivessel disease and several lesion types were categorized 
by the highest risk lesion to be dilated. Multivessel dis- 
ease was defined as 270% stenosis in 22 coronary 
arteries. Angiographic success (per lesion) was defined 
as 220% increase of the luminal diameter of a stenosis 
with a residual luminal obstruction of <50%. Clinical 
success (per patient) required successful dilation of all 
lesions attempted without a major procedural complica- 
tion. The presence of arterial dissections and thrombi 
after dilatation was noted. Patient risk for abrupt vessel 
occlusion was stratified based on the type of intimal dis- 
section. A type I dissection was a small, intraluminal, 
radiolucent linear abnormality; type II, a parallel, extra- 
luminal linear filling defect; type III, a persistent extra- 
luminal extravasation of dye; type IV, a spiral radiolu- 
cent irregularity; type V, a persistent, new, intraluminal 
filling defect (thrombus) with or without impairment of 
dye flow; and type VI, an ulceration or excavation of 
the vessel wall.!? 

Statistical methods: Chi-square and Fisher exact 
tests were used to ascertain differences between patient 
subgroups. Data are expressed as mean + 1 standard 
deviation. 


RESULTS 

Preliminary study: All in-patient PTCA procedures 
between December 1987 and January 1988 were re- 
viewed. One hundred fifty-one nonemergent procedures 
were performed. Fifty-eight patients would not have ful- 
filled entry criteria in the current study. Sixty-one (40% 
of total) were discharged within 24 hours and another 
32 patients (21%) were hospitalized longer, for extrane- 
ous reasons, after undergoing an uncomplicated proce- 
dure. 

Early hospital discharge procedures: One hundred 
sixteen patients were selected for early hospital dis- 
charge after PTCA during the 6-month period of study. 
Of these 31 had been scheduled for diagnostic cardiac 
catheterization with the anticipation of PTCA. Of 
these, 16 underwent procedures limited to diagnostic 
catheterization alone: 7 because of minimal disease and 
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EARLY DISCHARGE AFTER CORONARY ANGIOPLASTY 


TABLE I Baseline Patient Characteristics 











Total PTCA pts 100 
Mean age (yrs) 56.5+9.5 
M/F (%) 77/23 
Previous MI 53% 
Previous CABG 11% 
Previous PTCA 20% 
Coronary artery disease 

1-vessel 48% 

Multivessel 52% 
Systemic hypertension 38% 
Diabetes mellitus 15% 







Cigarette smoker 28% 







CABG = coronary artery bypass graft surgery; CCS = Canadian Cardiovascular 
Society; MI = myocardial infarction; PTCA = percutaneous transluminal coronary 
angioplasty. 


TABLE Il Angioplasty Success Rates 


Angiographic Success* Clinical Success* 
(n = 170) (n = 100) 















Type A 97% 94% 
Type B 96% 91% 
Type C 93% 89% 








(n = 100) 
1-vessel disease 96% 96% 
Multivessel disease 90% 87% 
(n = 170) 
Overall 96% 91% 





* No significant difference between subgroups. 


9 because of severe coronary disease unsuitable for 
PTCA. Eighty-five patients having previous catheteriza- 
tion were scheduled for PTCA alone. 

PTCA of 170 lesions was performed in 100 patients 
(Figure 1). The baseline clinical characteristics are list- 
ed in Table I. Sixty-five (38%) of the lesions were in the 
left anterior descending coronary artery, 48 (28%) in 
the circumflex coronary artery, 51 (30%) in the right 
coronary artery, 4 (2%) in saphenous vein bypass grafts 


100 PATIENTS 


CATH LAB 
TRIAGE 
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86 14 
SHORT STAY INPATIENT 
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FIGURE 1. Clinical outcome of early discharge coronary 
i patients. CATH LAB = cardiac catheterization 


angioplasty 
laboratory; TOU = telemetry observation unit. 
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TABLE Ill Location and Indication for In-Patient Admission 


Catheterization laboratory 
Intimal dissection 
Abrupt vessel closure 
Hematoma 
Atrial fibrillation 
Telemetry observation unit 
Chest pain without ECG changes 
Bleeding from sheath site 
Hematoma 
Hypotension 
Total 


ECG = electrocardiographic. 


and 2 (1%) in left internal mammary artery grafts. Be- 
fore PTCA, 35 (21%) of the lesions were identified as 
having a high likelihood of procedural success with low 
risk (type A), 105 (62%) as moderate success with mod- 
erate risk (type B) and 30 (18%) as low success with 
high risk (type C). Multivessel disease was present in 52 
patients and 48 of these were treated with multilesion 
PTCA. Angioplasty success rates are listed in Table II. 

Complications: There were no deaths and no pa- 
tients required emergency bypass surgery. No major 
complications occurred in the telemetry unit. Four pa- 
tients had abrupt vessel closure and evolved myocardial 
infarctions. All 4 occlusions were recognized in the car- 
diac catheterization laboratory and managed medically 
in the coronary care unit, after additional angiography 
or PTCA. Morphologically, 2 of the coronary stenoses 
were type B and 2 were type C. The incidence of major 
and minor procedural complications was higher for 
morphologic type C compared with type A lesions (Fig- 
ure 2 and Table III). There was no significant differ- 
ence between the complication rate of patients with 
multivessel and 1-vessel coronary disease. 

Twenty patients were triaged to an in-patient telem- 
etry or intensive care unit bed (Table III). The most 
frequent minor angiographic abnormality was coronary 
artery intimal disruption. This was identified in 29 pa- 
tients (17% of all lesions dilated). Seven dissections 
were type I; 14 type II; 4 type III; 2 type IV; 2 type V; 
and none were considered type VI. Three of the 4 pa- 
tients who developed acute occlusion had distinct dissec- 
tions after initial balloon dilatation (2 class II and 1 
class IV) whereas 1 improved with intracoronary nitro- 
glycerin. There was no statistically significant relation 
between the lesion type and the presence of arterial dis- 
section after PTCA or vessel occlusion. All 11 patients 
with complex coronary dissections (class IV to VI), in- 
cluding those with abrupt closure, were triaged in the 
catheterization laboratory to an in-patient unit. 

Seventeen patients received urokinase. The 4 pa- 
tients with abrupt closure received “high-dose” intracor- 
onary and intravenous therapy ranging from 1 to 3 mil- 
lion U. Thirteen others received “low-dose” intracoro- 
nary therapy ranging from 100,000 to 500,000 U for 
minor angiographic abnormalities. Intimal dissection 
with possible thrombus formation was the indication in 
14 procedures and possible thrombus formation (hazy 








appearance) without dissection in 3. Only 1 of the 5 
cases complicated by inguinal hematoma or excessive 
bleeding had received thrombolytic therapy. Nine pa- 
tients treated with low-dose urokinase were discharged 
within 24 hours. 

Follow-up: Telephone contact was achieved in 90% 
of the cases. Ten patients reported minor problems in- 
cluding burning, soreness or itching of the inguinal area 
or atypical chest discomfort. Two patients were asked to 
return for urgent reevaluation because of complaints. 
One was found to have a deep venous thrombosis and 
the other had atypical chest pain without evidence of 
new ischemia. No delayed complications were reported 
by the primary cardiologists. The mean length of stay 
for early discharge patients was 21.8 + 3.0 hours (range 
12 to 26 hours) whereas in-patients had an average stay 
of 4.3 + 5.2 days (range 1 to 14 days). Excluding the 4 
patients with myocardial infarction, 12 of the 16 
patients admitted for extended observation were dis- 
charged the next day without any complication. 


DISCUSSION 

PTCA is an effective, widely applied method of 
myocardial revascularization. However, increasing lo- 
gistical constraints coupled with mandates from health- 
care insurers to reduce hospital stays and preferentially 
perform outpatient procedures have influenced the eval- 
uation and management of cardiac patients. The feasi- 
bility and safety of outpatient cardiac catheterization 
have been suggested by Block et al, who found that 
complications rates were comparable between in-patient 
and outpatient procedures. Hospital stay may also be 
abbreviated by performing elective PTCA at the time of 
diagnostic catheterization. O’Keefe et al!l? suggested 
that such combined procedures were both safe and effi- 
cient. Moreover, retrospective analysis of the recent 
PTCA experience at our institution suggested that 


PERCENT OF 


PATIENTS 


FIGURE 2. Incidence of procedural 





>60% of PTCA patients could be discharged within 24 
hours of an uncomplicated procedure. These procedures 
would have been considered outpatient on an adminis- 
trative basis had the patients been admitted to a special- 
ly designated outpatient unit. 

Comparison with previous studies: The baseline 
clinical characteristics and success rates of our selected 
population were similar to the National Heart, Lung, 
and Blood Institute PTCA Registry cohort? and Emory 
University experience!‘ although our population tended 
to have more severe angina and a greater frequency of 
previous myocardial infarction. The clinical and angio- 
graphic success rates in the current study are compara- 
ble to rates obtained in most large studies using a simi- 
lar definition of success.’*:'4-!6 Type A coronary steno- 
ses tended to have a better angiographic success rate 
and fewer complications than type C lesions, although 
the difference did not reach statistical significance. No 
large study to date has prospectively correlated this 
classification of lesion morphology with procedural out- 
come. !! 

Complications: There were no delayed vessel occlu- 
sions in our patient population or episodes of unstable 
angina attributable to early discontinuation of antico- 
agulant therapy. Investigators have documented that 55 
to 82% of vessel closures develop in the catheterization 
laboratory.'4-?? Most of the delayed occlusions in these 
large studies have been associated with a predisposing 
dissection or thrombus or occurred within 3 hours of 
discontinuing heparin. In addition, these studies demon- 
strate that in the rare complicated case without visible 
dissection, delayed closure was heralded by either peri- 
procedural hypotension, chest pain or electrocardio- 
graphic changes. 

Most telemetry observation patients were not anti- 
coagulated after PTCA. However, to offer greater flexi- 
bility to the operators, heparin could be infused for 12 


MINOR ANGIOGRAPHIC 
ABNORMALITIES 





W MAJOR COMPLICATIONS 


i according to American College of Cardiology /American Heart Association 


complications 
lesion morphology. Major complications include death, myocardial infarction, emergency coronary artery bypass graft 
surgery or abrupt vessel closure. Minor angiographic abnormalities include coronary artery dissection, thrombus or side branch 


occlusion. 
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hours, particularly in cases with significant intimal dis- 
ruptions. There were no acute vessel closures or episodes 
of unstable angina attributable to early discontinuation 
of anticoagulant therapy. Although a dose of 24 to 48 
hours of heparin has been recommended, the optimal 
duration of anticoagulation after PTCA is not known 
and varies among institutions. !521-24 

Catheterization laboratory triage: All major compli- 
cations were either immediately detected or predictable 
based on the angiographic findings available in the 
catheterization laboratory. The cardiac catheterization 
laboratory was the triage point for virtually all monitor- 
ing dispositions after PTCA. In several instances pro- 
longed observation in the PTCA suite or intensive care 
unit was necessary when increased risk for vessel closure 
was suggested by the angiographic findings. Triage de- 
cisions were always conservative, favoring admission for 
potential problem cases. 

Role of the telemetry observation unit: The teleme- 
try observation unit was established to provide patients 
with flexible, intermediate-level cardiac care and to in- 
sure the appropriate management of vascular sheaths. 
Although outpatient by administrative structure, the in- 
hospital location guaranteed emergency access to the 
catheterization laboratory, coronary care unit and oper- 
ating room at all times, because acute complications 
continue to arise despite excellent angiographic results. 
No patient was discharged with an undetected cardio- 
vascular complication or later developed signs of myo- 
cardial ischemia or trouble at the site of arterial access. 
One patient returned with deep venous thrombosis but 
had normal physical findings at the time of discharge. 
Further reduction in the frequency of peripheral vascu- 
lar complications may result through the use of 6Fr and 
7Fr PTCA guiding catheters and vascular sheaths and 
by using a percutaneous brachial approach. 

Implications: The length of hospital stay after 
PTCA can often be reduced without adversely affecting 
procedural complications. A major improvement in bed 
use and catheterization laboratory efficiency is possible 
because costly and logistically complex bed transfers 
that typically follow in-patient PTCA are eliminated. 
Furthermore, recent physician efforts to preferentially 
schedule PTCA procedures in the early morning has re- 
moved an obstacle preventing same-day discharge. 
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Brief Summary : j 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: - Active internal bleeding - History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) « Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. ; 
WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites e Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding bee controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease * Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma • Hypertension: 
systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg « High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis + Subacute bacterial endocarditis e Hemostatic 
defects including those secondary to severe hepatic or renal disease » Significant liver dysfunction « 
Pregnancy • Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old « Patients currently receiving oral anticoagulants * Any other condition in which bleeding constitutes 
a Significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE” with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
p oe was evidenced only after prolonged exposure and only at the highest concentra- 
ions tested. 

Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 

genitourinary 4% 4% 

ecchymosis 1% <1% 

retroperitoneal <1% <1% 

epistaxis <1% <1% 

gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follow 





Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has bee 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlle 
trials1-7 is not signficantly different in the ACTIVASE® treated patients compared to those treated wil 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, perice 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitai 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed durir 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding site 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mi 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/ 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not t 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the ons 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of whic 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the secor 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATE 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concon 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been give 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompar 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only wi 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injectic 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containir 
ACTIVASE® 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approximate 
215 mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediate 
before use. The solution may be used for intravenous administration within 8 hours following recons 
tution when stored between 2-30°C. Before further dilution or administration, the product should | 
visually inspected for particulate matter and discoloration prior to administration whenever solution ar 
container permit. 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light hi 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoide 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusic 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilutio 

No other medication should be added to infusion solutions containing ACTIVASE® Any unuse 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg via 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), | 
under refrigeration (2-8°C/36-46°F), Protect the lyophilized material during extended storage froi 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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Transdermal Therapeutic System — 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE ie 

This drug product has been conditionally approved by 

the FDA for the prevention and treatment of angina 
pectoris due to coronary artery disease. The conditional 
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DIPYRIDAMOLE-THALLIUM SCINTIGRAPHY IN DIABETICS 


of patients with a history of infarction. Although a defi- 
nite Q-wave myocardial infarction on the preoperative 
electrocardiogram was associated with the presence of a 
fixed thallium defect (p <0.004), the sensitivity for de- 
tection of fixed defects was only 46%. 

A subgroup of 37 patients who had no history of 
angina, myocardial infarction or congestive heart failure 
was analyzed. In this group without apparent heart dis- 
ease 22 patients (59%) had some abnormality of the 
thallium scan with an average of 2.0 reversible segments 
and 1.7 fixed segments/patient. Five of these 37 pa- 
tients had a reversible defect in the left anterior de- 
scending distribution. 

There were a total of 20 patients with a normal thal- 
lium scan. Only 1 of these patients had a postoperative 
cardiac event. Transient postoperative congestive heart 
failure occurred despite a normal preoperative radionu- 
clide ventriculogram. 


DISCUSSION 

Symptomatic peripheral vascular disease and coro- 
nary artery disease frequently coexist. Studies of pa- 
tients undergoing cardiac catheterization before vascu- 
lar surgery have shown an incidence of significant coro- 
nary artery disease as high as 75%.°’ This largely 
accounts for the increased postoperative cardiovascular 
morbidity and mortality, with myocardial infarction ac- 
counting for 40 to 70% of eventual deaths.”-!° This 
problem is compounded in the diabetic patient who has 
a high incidence of combined peripheral vascular and 
coronary artery disease.!!-!5 Furthermore, it is generally 
acknowledged that coronary disease in the diabetic is 
frequently clinically inapparent.'© Recent studies have 
shown that asymptomatic or “silent” ischemia and in- 
farction may be more common in diabetic as compared 
to nondiabetic patients.'’ It is not surprising, therefore, 
that vascular surgery in diabetic patients is associated 
with a greater cardiovascular risk than that in nondia- 
betic patients.'* Clearly a need exists to detect the pres- 
ence and severity of coronary artery disease in diabetic 
patients before vascular surgery. 

Dipyridamole-thallium scintigraphy has been shown 
to be comparable to treadmill exercise testing in its abil- 
ity to assess the presence and severity of coronary artery 
disease.'?-*° Several studies have used this technique to 
assess the cardiovascular risk of patients undergoing 
vascular surgery. Most of these studies have used a 
qualitative assessment of reversible thallium defects and 
have shown impressive sensitivity but limited positive 
predictive value. Boucher et al? studied 54 patients 
with suspected coronary artery disease undergoing pe- 
ripheral vascular surgery and found that 8 of 16 pa- 
tients with thallium redistribution had postoperative 
cardiac events whereas there were no such events in 32 
patients whose scan was normal or showed only persis- 
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cy of this approach in a population believed to have a 
high incidence of clinically inapparent coronary artery 
disease. 

Using a quantitative assessment of thallium uptake 
and redistribution,*?’-*? we have demonstrated a very 
high incidence (80%) of thallium abnormalities in an 
exclusively diabetic population. In contrast, prior studies 
of predominantly nondiabetics selected because of clini- 
cally suspected heart disease have shown an incidence of 
reversible thallium abnormalities ranging from only 30 
to 60%.” We have also shown that clinical markers 
are insensitive predictors of underlying coronary disease 
in diabetics. There were no differences in thallium pro- 
files between groups 1 and 2. Of even more significance 
are the 37 patients with absolutely no clinical evidence 
of underlying coronary disease, of whom 59% showed 
abnormalities in the thallium scans. This finding is con- 
sistent with that of Rubler et alè? who reported that 
48% of diabetic men without evidence of heart disease 
had abnormal exercise thallium scans.30 

Despite the high incidence of abnormal scans in this 
diabetic population, the overall complication rate of 
11% and mortality rate of 3.0% is comparable to that 
reported in other®!! large series. Even among the sub- 
group of patients showing reversible defects on scintig- 
raphy the incidence of major cardiovascular complica- 
tions in our group was 14.1%, compared to 50% in the 
series of Boucher et al? and 33% in the patients of 
Leppo et al.’ The simple demonstration of a defect by 
dipyridamole-thallium scintigraphy in diabetics may be 
of limited usefulness in predicting risk of postoperative 
cardiac complications. The mere presence of any revers- 
ible defect has no significant predictive value, and even 
the demonstration of =2 reversible segments is sensitive 
(82%) but not specific (56%) for predicting postopera- 
tive cardiac events. We therefore attempted to identify 
scintigraphic and clinical parameters that would allow 
identification of high- and low-risk patients. We feel a 
group of patients at high risk can be identified with ac- 
ceptable positive predictive value by demonstrating =5 
reversible segments or by showing reversibility in the 
vascular distribution of the left anterior descending cor- 
onary artery. Of the 9 patients with =5 reversible seg- 
ments, 4 (44%) had a cardiovascular complication. Sim- 
ilarly, of the 26 patients with reversibility in the left 
anterior descending artery distribution, 7 (27%) had a 
complication. Low-risk patients can be identified by the 
absence of a history of angina or by the presence of <1 
reversible segment. The incidence of complications in 
these subgroups was 3.7 and 3.8%, respectively. 

Preoperative coronary angiography was performed 
only rarely in our patients. Patients identified to be at 
high risk may be logical candidates for preoperative cor- 
onary angiography. For those patients identified as be- 
ing at low risk. invasive evaluation should nat he neces- 








trates. The result of this approach has been quite favor- 
able. 
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Clinical Correlates and Prognostic Significance 


of Type A Behavior and Silent Myocardial 
Ischemia on the Treadmill 
William C. Siegel, MD, MPH, Daniel B. Mark, MD, MPH, Mark A. Hlatky, MD, 


Frank E. Harrell, Jr., PhD, David B. Pryor, MD, John C. Barefoot, PhD, 
and Redford B. Williams, Jr., MD 


Type A patients with coronary artery disease 
(CAD) tend to ignore or underreport symptoms, es- 
pecially during challenging tasks such as the tread- 
mill exercise test. To determine whether type A 
CAD patients might be more likely than type B pa- 
tients to have silent ischemia during exercise and 
consequently a worse prognosis, 403 patients with 
stable CAD who had significant coronary disease 
on angiography, a positive Bruce protocol treadmill 
test and a structured interview to assess type A be- 
havior were studied. Median follow-up time was 6 
years. Type A patients were more likely to experi- 
ence silent ischemia during exercise than were type 
B patients (35 vs 25%, p = 0.05). Patients with si- 
lent ischemia during exercise had a history of fewer 
anginal episodes/week, and type A patients with si- 
lent ischemia were less likely to have had a history 
of typical angina. However, using the Cox model, 
there were no significant differences in survival be- 
tween type A patients and B patients with silent 
ischemia (4-year survival 86 vs 79%, p = 0.44) 
and no significant differences in survival between 
type A patients with silent ischemia and type A pa- 
tients with symptomatic ischemia (6-year survival 
86 vs 80%, p = 0.59). Similar results were ob- 
tained for infarction-free survival. Type A patients 
are more likely than type B patients to have silent 
ischemia during exercise, but long-term survival is 
not affected. 

(Am J Cardiol 1989;64:1280-1283) 
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(CAD) have a high prevalence of silent ischemia, 

although its therapeutic and prognostic signifi- 
cance in this population remains unsettled. It has been 
suggested that silent ischemia places CAD patients at 
increased risk because they have a “defective anginal 
warning system” that does not alert them to the pres- 
ence of ischemia and does not allow them to initiate 
appropriate antiischemic therapy.! 

Type A patients with CAD tend to ignore or under- 
report symptoms, especially while performing challeng- 
ing tasks. One such challenging task is the exercise 
test, during which type A patients are less likely to ex- 
perience angina,’ and healthy type A subjects are less 
likely to report symptoms of fatigue.* This suggests that 
type A patients with CAD may be less aware of isch- 
emic episodes, which might place them at increased risk 
for ischemia-related events, such as myocardial infarc- 
tion and sudden death. The prognostic relation between 
type A behavior and silent ischemia in patients with 
chronic symptomatic CAD has not previously been de- 
scribed. The purposes of this study were 3-fold. First, 
we defined the prevalence of silent and symptomatic ex- 
ercise-induced ischemia in a large cohort of patients 
with chronic symptomatic CAD who had undergone 
type A behavioral assessments. Second, we compared 
the prognosis of type A and type B patients with silent 
exercise-induced ischemia to see if type A patients had 
a worse prognosis. Third, we compared the prognosis of 
type A patients with silent ischemia to the prognosis of 
type A patients with symptomatic ischemia to see if the 
silent ischemia patients had a worse prognosis than their 
symptomatic counterparts. 


P atients with symptomatic coronary artery disease 


METHODS 

Patient population: Between September 1974 and 
November 1980, 2,407 patients with suspected CAD 
who were referred for coronary angiography also under- 
went a behavioral assessment. Patients with primary 
valvular, congenital, myocardial or pericardial disease, 
as well as patients with previous coronary artery bypass 
surgery, were excluded. In addition, patients were ex- 
cluded if they showed exercise-induced ST-segment ele- 
vation in electrocardiographic leads with pathologic Q 
waves, and if they had no other exercise-related ST 
changes. Among the eligible patients, 1,260 also had a 
treadmill exercise test within 6 weeks of catheterization. 
In this group of patients, 403 were found to have signifi- 
cant CAD (275% diameter stenosis) on angiography 


TABLE I Clinical and Catheterization Characteristics 


Type A 

Silent Ischemia 

(Group 1) 
Characteristic* 


Male sex (%) 82 
Age (yrs) 54 (47-59) 


Type A Type B 
Symptomatic Ischemia Silent Ischemia 
(Group 2) (Group 3) 

(n = 182) 


90 84 
92 (46-59) 51 (44-59) 


Type B 

Symptomatic Ischemia 

(Group 4) 

(n = 94) p Value 


93 
52 (47-58) 





Prior myocardial infarct (%) 3/7 
Typical angina (%) 86 
Symptom duration (mos) 28 (6-72) 
Angina frequency (episodes /wk) 

l-vessel CAD (%) 

2-vessel CAD (%) 

3-vessel CAD (%) 

Ejection fraction (%) 


* Continuous data presented as median (25th percentile to 75th percentile). 
CAD = coronary artery disease. 


Type A Type A 

Silent Ischemia 

(Group 1) 
Characteristic* (n = 96) 


(Group 2) 
(n = 182) 


Exercise time (minutes) 

Exercise heart rate (beats /min) 

ST depression (mm) 

Reasons for exercise test termination 
Angina (%) 
Progressive ST changes (%) 
Fatigue (%) 
Dyspnea (%) 5 


4.5 (2-7.3) 
132 (113-141) 
0.175 (0.125-0.25) 


Symptomatic Ischemia Silent Ischemia 


4.3 (3-6.8) 
128 (112-138) 
0.175 (0.125—-0.225) 


Type B Type B 

Symptomatic Ischemia 
(Group 3) (Group 4) 

(n = 31) (n = 94) 


5 (3.6—10.4) 
130 (118-144) 
0.175 (0.15—0.25) 


4.5 (3-6.7) 0.44 
120 (105-137) 0.06 
0.175 (0.15-0.225) 0.96 


0 35 
48 34 
42 21 
6 3 





* Continuous data presented as median (25th percentile to 75th percentile). 


and had 20.10 mV exercise-induced ST-segment devi- 
ation. These patients were the subjects of this study. 

Exercise testing: Exercise tests were performed 
using the Bruce protocol, as previously described.>- 
Twelve-lead electrocardiographic recordings were made 
at the end of each stage of exercise, at peak exercise and 
at 2-minute intervals after the completion of exercise. 
Patients were encouraged to exercise until limited by 
symptoms, until abnormalities of rhythm or blood pres- 
sure occurred or until marked ST deviation developed. 
Electrocardiographic results displaying left bundle 
branch block or artifact were considered uninterpret- 
able and were excluded from this study. ST-segment de- 
pression or elevation that differed by 20.1 mV from 
baseline, occurred during exercise or recovery, was pre- 
sent in 23 consecutive beats and was horizontal or 
sloped away from the baseline at 0.08 second after the J 
point, was measured to the nearest 0.05 mV. Test inter- 
preters were blinded to the patient’s behavioral assess- 
ment. No patient in the study had exercise-induced ST 
elevation in leads with pathologic Q waves as the only 
exercise-induced ST change. 

Behavioral assessment: The type A behavior pat- 
tern was assessed with the structured interview,’ which 
was administered during hospitalization for cardiac 
catheterization. Data collection procedures have been 
described in detail elsewhere.® Audiotapes of the inter- 
views were evaluated by a trained auditor, whose assess- 
ments have been shown to have substantial agreement 


with those performed under the supervision of R. Ro- 
senman, MD.’ Following common practice, Type A be- 
havior was treated as a dichotomous variable (types Al 
and A2 vs types X and B). When analyses were limted 
to type Al and type B subjects, the study results did not 
change. 

Information system and baseline data collection: 
The computerized medical information system used has 
been described previously.’ In brief, a cardiac history 
and physical examination, chest radiograph and resting 
12-lead electrocardiogram were obtained prospectively 
for all patients at the time of catheterization and en- 
tered into a computerized database. Similarly, the re- 
sults of the exercise treadmill test and cardiac catheter- 
ization were also entered prospectively into the system. 

Follow-up: At 6 and 12 months after catheteriza- 
tion, and then yearly, follow-up information was ob- 
tained by clinic visit, mailed questionnaire, telephone in- 
terview or a combination. Follow-up was obtained for 
98% of patients. At each patient contact, vital status 
was determined and details of any hospitalizations were 
obtained. Myocardial infarction was diagnosed by stan- 
dard electrocardiogram and enzyme criteria. 

Data analysis: Baseline differences among the pa- 
tient groups were examined using chi-square tests for 
dichotomous variables, and Kruskal-Wallis nonpara- 
metric analysis of variance for continuous variables. 
Comparisons were made between pairs of groups only if 
the overall test for a difference among all groups was 
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TYPE A BEHAVIOR AND SILENT ISCHEMIA 





significant. Survival probabilities were estimated using 
the Kaplan-Meier method.!° Rates were not computed 
past the point when <15 patients remained at risk. 
Breslow’s formulation of the Cox proportional hazards 
model was used to test for significant association be- 
tween survival time, type A behavior pattern and pres- 
ence or absence of angina during exercise-induced isch- 
emia.!!.12 


RESULTS 

Patient characteristics: By design, all 403 patients 
in this study had exercise-induced ST deviation; 127 of 
these patients had no anginal symptoms during exercise 
(silent ischemia). Two hundred seventy-eight patients 
were type A, whereas 125 were type B. Type A patients 
were more likely to have silent ischemia than were type 
B patients (35 vs 25%, p = 0.05). 
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FIGURE 1. Four-year survival of type A and type B patients 
with silent ischemia during exercise. 
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FIGURE 2. Six-year survival of type A subjects with silent 
ischemia during exercise versus type A subjects with angina 
during exercise. 
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The study patients were divided into 4 groups ac- 
cording to behavioral assessment (type A vs type B) and 
the presence or absence of exercise angina on the tread- 
mill test. Group 1 consisted of 96 type A patients with 
silent ischemia (no exercise angina); group 2 consisted 
of 182 type A patients with symptomatic ischemia; 
group 3 consisted of 31 type B patients with silent isch- 
emia; and group 4 consisted of 94 type B patients with 
symptomatic ischemia. 

The baseline clinical and catheterization characteris- 
tics of these 4 groups are listed in Table I. Group 1 
patients were less likely to have had a history of typical 
angina than were patients in the other groups. In addi- 
tion, group 2 patients had a longer median duration of 
symptoms before catheterization than did the other 
groups. Patients with silent ischemia during exercise 
(groups 1 and 3) tended to have a history of fewer angi- 
nal episodes/week than did patients with symptomatic 
ischemia during exercise (groups 2 and 4). Exercise test 
characteristics of all 4 groups were comparable (Table 
II). 

Long-term prognosis: The median follow-up time 
for the study population was 6 years, with 25% of pa- 
tients followed for 27 years. Type A patients with silent 
ischemia (group 1) tended to have a better survival than 
type B patients with silent ischemia (group 3), although 
this difference was not statistically significant (4-year 
survival 86 vs 79%, p = 0.44) (Figure 1). Similarly, type 
A patients with silent ischemia (group 1) had a better 
survival than type A patients with exercise-induced an- 
gina (group 2), although again these differences were 
nonsignificant (6-year survival 86 vs 80%, p = 0.59) 
(Figure 2). Similar results were obtained for infarction- 
free survival. 


DISCUSSION 

Our principal finding was that although type A pa- 
tients with CAD had silent ischemia during exercise 
more often than did type B patients, this tendency was 
not associated with an increased risk of future nonfatal 
myocardial infarction or cardiac death. 

Past studies suggested that type A subjects differed 
from type B subjects in their perception and reporting 
of symptoms, especially during challenging situations. 
During a challenging task such as exercise testing, type 
A patients with CAD reported less angina than did type 
B patients, and healthy type A subjects were less likely 
to report fatigue.* Similar symptom suppression by type 
A patients has also been reported during a challenging 
arithmetic task.!? Furthermore, when patients with a re- 
cent myocardial infarction were interviewed, type A pa- 
tients reported that it took significantly longer for them 
to recognize their infarction symptoms as being serious 
and needing medical attention than did type B patients. 
This was especially evident if patients were performing 
a challenging task at the time of the myocardial infarc- 
tion. Our finding that type A patients were less likely 
than type B patients to experience angina during exer- 
cise-induced ischemia is consistent with these reports. 

In our study, type A patients with silent ischemia 
were less likely to report a history of typical angina than 


were the other patient groups. This difference may be at 
least in part due to a trend toward more 1-vessel CAD, 
and less 3-vessel disease, among the type A patients 
with silent ischemia. In addition, we found that both 
type A and B patients with silent ischemia had a history 
of fewer anginal episodes/week. These present findings 
are consistent with earlier reports that patients with 
silent ischemia during exercise were less likely to 
nce? oe York Heart Association class III or IV angi- 
na.'* 

A number of studies have examined whether stable 
CAD patients with silent ischemia during exercise had a 
different prognosis than patients with symptomatic isch- 
emia during exercise. Whereas data from the Coronary 
Artery Surgery Study suggested that there is no differ- 
ence in prognosis,'® recent data from Mark et al!’ sug- 
gest that silent ischemia during exercise carried a better 
prognosis than did symptomatic ischemia. We found 
that, for type A coronary patients, the prognosis was 
similar whether they had silent or symptomatic isch- 
emia during exercise. 

The results of this study are important in light of the 
conflicting evidence as to whether type A behavior af- 
fects the prognosis of patients with established CAD. 
Data from the Recurrent Coronary Prevention Project!® 
suggest that reducing the severity of type A behavior 
improves the prognosis of CAD patients. A recent fol- 
low-up study of a large cohort of CAD patients also 
found better survival among type B patients, although 
this effect was limited to those patients with poor left 
ventricular function.!? In contrast, long-term follow-up 
data from the Western Collaborative Group Study sug- 
gests that type A behavior is associated with a better 
prognosis than is type B behavior.” Still other studies 
have found no association between type A behavior and 
prognosis.*!~*3 Our study suggests that the presence of 
type A behavior has no effect on survival among pa- 
tients with silent ischemia, thus strengthening the argu- 
ment that type A behavior does not have an appreciable 
effect on the prognosis of established coronary artery 
disease. 

The main limitation of the present study was that 
the sample size and follow-up time may not have been 
adequate to detect an effect of behavior type on surviv- 
al. In particular, the number of type B patients with 
silent ischemia was limited. However, it was likely that 
a large effect would have been detected. Another limita- 
tion was that we studied a selected group of patients, all 
of whom had been referred to a tertiary care hospital 
for diagnosis and treatment of CAD. Whether an effect 
of behavior type on survival would be present in a less 
selected population is unclear. In addition, we only ex- 
amined the role of the classic type A behavior pattern. 
In recent years, with the failure of the classic type A 
behavior pattern to predict CAD in the Multiple Risk 
Factor Intervention Trial,?4 attention has shifted to 
more specific definitions of coronary-prone behavior, 
such as hostility.” We did not examine these other be- 
havioral patterns. Finally, the present study was limited 


to exercise-induced silent ischemia. We did not examine 
silent ischemia occurring during daily life. 
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Prognosis in Patients with a Strongly Positive 
Exercise Electrocardiogram 


Peter Bogaty, MD, Gilles R. Dagenais, MD, Bernard Cantin, MSc, Pierre Alain, MD, 
and Jacques R. Rouleau, MD 


In patients with a strongly positive exercise electro- 
cardiogram, the workload achieved during the test 
allows the identification of subsets with good or 
poor survival rates. To determine whether the same 
criteria also predict acute ischemic heart events 
such as unstable angina and myocardial infarction, 
fatal and nonfatal acute manifestations were docu- 
mented in 241 patients medically treated during an 
8-year follow-up. All patients had a Bruce protocol 
treadmill exercise test with ST-segment depression 
>2 mm and coronary angiographic studies. There 
were 52 deaths; of these 44 were due to coronary 
artery disease. There were 41 episodes of unstable 
angina and 21 myocardial infarcts documented as 
first morbid events. As expected, survival improved 
with increased workload achieved; patients termi- 
nating their exercise at stage I (5.1 METs) had an 
8-year survival rate of 45 + 9% while those reach- 
ing stage IV or more (10 METs) had a survival rate 
of 93 + 6%. In a multivariate analysis, the duration 
of exercise and the number of narrowed coronary 
arteries and of left ventricular segment abnormali- 
ties correlated significantly with survival. In 
contrast, nonfatal acute events occurred in about 
20 to 35% of patients whatever the stage of the 
exercise test. Furthermore, neither variables during 
the exercise test nor angiographic findings predict- 
ed nonfatal events. Thus, although the workload 
achieved did identify patients with different mortal- 
ity rates, it failed to predict subsets of patients with 
different morbid event rates. 

(Am J Cardiol 1989;64:1284-1288) 
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cardiogram, characterized by ST-segment depression 

>2 mm, the workload achieved during the exercise 
test has been shown to have prognostic value in identify- 
ing subsets with different survival rates.!-6 Survival is 
high in those with excellent exercise performance and 
low in those with poor exercise tolerance. Such observa- 
tions are clinically relevant for therapeutic decision- 
making, but would be even more useful if the identifica- 
tion of high- and low-risk groups for fatal events could 
also predict morbid events such as acute myocardial in- 
farction and unstable angina. We therefore examined 
the prognostic value of the exercise performance for fa- 
tal and nonfatal acute ischemic heart disease events in 
241 patients with a strongly positive exercise electrocar- 
diogram, treated medically and followed for 8 years. 


I: patients with a strongly positive exercise electro- 


METHODS 

All files of patients with an exercise electrocardio- 
gram done at the Quebec Heart Institute from July 
1971 to February 1980 were examined. We retained 
those tracings showing downsloping or horizontal ST- 
segment depression 22 mm 80 ms after the J point 
compared with the resting electrocardiogram. Patients 
receiving digitalis or having left bundle branch block, 
Wolff-Parkinson-White syndrome, congenital or valvu- 
lar heart disease, recent unstable angina (<1 month), 
recent myocardial infarction (<3 months) or congestive 
heart failure were excluded. In general patients were 
referred for stress testing for the evaluation of chest 
pain. Only those patients undergoing left ventriculog- 
raphy and coronary angiography were included in the 
study. Coronary diameter narrowing 250% was consid- 
ered significant stenosis. Left ventricular angiograms 
were considered abnormal when hypokinesis, akinesis or 
dyskinesis was observed in 21 segment. 

Of the 346 patients meeting the criteria, 105 were 
excluded because the first therapeutic decision was 
coronary bypass surgery, usually performed within 3 
months of the exercise test. For the remaining 241 pa- 
tients, the initial decision was for medical treatment 
that consisted of advice on risk factor modification and 
medications such as nitrates, 6-blocking agents and cal- 
cium antagonists. Less than 5% were receiving aspirin 
and half the patients sustaining a myocardial infarc- 
tion during the study period were receiving 6-blocking 
agents afterwards. The 5-year survival rates of the first 
107 patients of this cohort have been previously report- 
ed.4 

The maximal exercise treadmill test was performed 
according to the Bruce protocol.’ Until 1975, only the 


TABLE I Characteristics of Patients With and Without Fatal Events, and Those With and Without Morbid Ischemic Events 


Fatal Events 


No. 

Age (yrs) 

Male (%) 

Exercise testing angina (%) 

Previous MI (%) 

Systolic BP (mm Hg) 143 + 22 
Diastolic BP (mm Hg) 82 13 


Exercise duration (s) 273 + 133 


Maximal HR (beats /min) 140 + 23 
Maximal systolic BP (mm Hg) 164+ 33 
Amount ST depression (mm) 3.11.0 
Persistence of ST >2 mm after exercise (min) 2.51.6 
LVEDP (mm Hg) 13+5 
Abnormal LV angiograms (no. of segments) 1441.2 
CAD (>50%) (no. of vessels) 26+0.8 


* p <0.005; t p <0.01. 


Morbid Events 


133 + 18* 
82 +9 
364 + 130* 
144+ 24 
167 + 26 
3.2 £13 
2.2+1.8 
EE Se 
0.9 + 1.0t 
2.1 + 0.9* 


BP = blood pressure; CAD = coronary artery disease; EDP = end-diastolic pressure; HR = heart rate; LV = left ventricular; MI = myocardial infarction. 


CM; bipolar lead was recorded during the exercise test. 
Multiple leads were recorded thereafter; for this reason, 
only the findings from CMs were analyzed. Patients 
were encouraged to exercise to maximal capacity and, 
for all of them, the test was stopped because of severe 
chest pain, dyspnea or exhaustion. The exercise perfor- 
mance was expressed in terms of the stages of the Bruce 
protocol.’ 

All patients were followed from the date of the exer- 
cise test for up to 8 years, until a fatal event or until the 
date of a revascularization procedure. Follow-up of pa- 
tients was assured by periodic hospital visits and electro- 
cardiograms. When necessary, the immediate family or 
the referring physician were contacted. Deaths from all 
causes were included in the analysis and death certifi- 
cates filed at the Quebec Population Registry were veri- 
fied. Coronary heart death was defined as a fatal out- 
come for a patient hospitalized for an acute coronary 
syndrome or as death occurring outside the hospital 
probably caused by a coronary event when any other 
apparent etiology had not been detected. Death was 
considered sudden when it occurred within 1 hour of the 
onset of symptoms or was unwitnessed. Morbid events 
were defined as unstable angina and myocardial infarc- 
tion. Survival curves were computed without consider- 
ing morbid events. Angina was considered unstable if it 
involved a sharp and significant change in pattern, most 
often with prolonged pain at rest and most often neces- 
sitating hospitalization, but not culminating in necrosis. 
Myocardial infarction required either the appearance of 
new diagnostic Q waves on the electrocardiogram com- 
pared to the previous tracing or enzymatic confirmation 
in patients with a history or electrocardiographic 
changes, or both, compatible with ischemia; enzyme 
confirmation included MB isoenzymes >4% of total 
creatine kinase, at least twice the upper limit of normal 
creatine kinase, or both. When more than 1 event oc- 
curred within 4 weeks, only the more or most severe was 
counted. For example, unstable angina culminating in 
myocardial infarction was counted as the latter; a myo- 
cardial infarction leading to death within the same hos- 





pitalization was considered as a fatal and not as a mor- 
bid event. 

Survival and morbid event-free rates were calculated 
using the Kaplan-Meier product limit estimator meth- 
od.’ Differences between stages in survival and morbid 
event-free rates were tested by the Gehan-Wilcoxon 
method.’ Differences in hemodynamic, electrocardio- 
graphic and angiographic variables were tested using a 
l-way analysis of variance!® or a Mantel-Haenszel 
test.!! A multivariate analysis was performed using the 
Cox proportional hazards model.!* All statistical analy- 
ses were performed using the Statistical Analysis Sys- 
tem statistical package.!° 


RESULTS 

There were no losses to follow-up among the 241 
patients. For the group as a whole there were 52 deaths: 
44 due to coronary artery disease (20 of them sudden); 
4 due to cancer, 1 to respiratory insufficiency, 1 to 
stroke and 2 due to suicide. There were 62 first morbid 
events: 41 episodes of unstable angina and 21 myocardi- 
al infarctions. These did not occur more frequently 
among patients who died. There were 8 morbid events 
among the latter group (15%); among the survivors, 
there were 54 morbid events (28%). Of the 241 patients 
initially entered, 51 underwent a revascularization pro- 
cedure within 8 years; the mean time (+ standard devi- 
ation) between the exercise test and the date of the pro- 
cedure was 45 + 29 months. No patient had an angio- 
plasty during the follow-up. Among the 51 patients who 
underwent coronary surgery, the events leading to this 
procedure were morbid events in 29 and more incapaci- 
tating angina in 22 patients. 

Table I compares the clinical, electrocardiographic, 
hemodynamic and angiographic characteristics between 
the patients with and without fatal events and between 
those who sustained morbid events and those who did 
not. The only significant variables distinguishing the 
survivors from the nonsurvivors were the resting systolic 
blood pressure, the duration of exercise, the number of 
stenotic arteries and the number of regional abnormali- 
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PROGNOSIS WITH STRONGLY POSITIVE EXERCISE ECG 


TABLE Il Events During the 8-Year Follow-Up According to Exercise Performance 


Stage | 

METs (3.0 to 5.1) 

No. of Patients 40 

Total fatal events (%) 21 (52.5) 
CAD sudden death (%) 8 (20.0) 
CAD nonsudden death (%) 10 (25.0) 
Non-CAD death (%) 3 (7.5) 

Total first nonfatal events (%) 8 (20.0) 
Unstable angina (%) 7 (17.5) 
Myocardial infarction (%) 1 (2.5) 

Coronary surgery (%) 9 (22.5) 


Il T IV 
(5.7 to 6.6) (7.2 to 9.1) (10.0+) 
97 88 16 
19 (19.6) 11 (12.5) 1 (6.3) 
5 (5.2) 7 (8.0) 0 (0.0) 
11 (11.3) 3 (3.4) 0 (0.0) 
3 (3.1) 1 (1.1) 1 (6.3) 
30 (30.9) 20 (22.7) 4 (25.0) 
25 (25.8) 7 (8.0) 2 (12.5) 
5 (5.1) 13 (14.7) 2 (12.5) 
24 (24.7) 15 (17.1) 3 (18.8) 





CAD = coronary artery disease. 


ties on left ventriculography. In a multivariate analysis, 
the same variables except resting systolic blood pressure 
correlated significantly with survival. However, these 
factors or other variables were of no aid in distinguish- 
ing between those who had or had not sustained nonfa- 
tal events. 

When the analysis was restricted to the 44 patients 
dying from coronary artery disease, the exercise dura- 
tion was 267 + 124 versus 365 + 132 seconds for the 
remaining 197 patients (p <0.0001). The other signifi- 
cant variables were higher resting systolic blood pres- 
sure, number of diseased vessels and number of abnor- 
mal segments in patients who died. 

Figure 1 shows the survival curves according to the 
Bruce stages. The 8-year survival rates of patients in 
stages I to IV were 45 + 9, 80 + 4, 87 + 4 and 93 + 
6%, respectively. However, the same criteria failed to 
predict morbid events. About 70% of the patients (re- 
gardless of stage) did not have a morbid event during 
the follow-up (Figure 2). The fatal and nonfatal events 
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STAGE | 
STAGE || 
STAGE Ill 
STAGE IV 


STAGE | 
STAGE || 
STAGE I 11 
STAGE IV 





during the 8-year follow-up according to the exercise 
performance are listed in Table II. 


DISCUSSION 

Our patients have survival rates that vary according 
to the workload achieved, as reported previously.!-6 The 
8-year survival rates were 93% for those reaching 10 
METs and 45% for those unable to perform 5.1 METs. 
However, the criteria that predict survival of these pa- 
tients failed to identify those who remained free from 
nonfatal events. 

To our knowledge, the only other study, albeit indi- 
rect, of the long-term morbid implications of a positive 
electrocardiographic stress test is the pioneering work of 
Ellestad and Wan.! They found that patients whose 2- 
mm ST-segment depression occurred at 3 METs had a 
combined coronary event rate of 15% a year (death, 
myocardial infarction or progression of angina). At 6 
METs the rate was 8% and at 8 METs it decreased to 
4%. However, important methodologic differences sepa- 





FIGURE 1. Survival rates for the 241 patients according to workload achieved. The number of patients remaining at each yearly 


interval is indicated below the abscissa. 
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rate their study from ours. Their population was heter- 
ogenous; an unspecified number were recruited through 
routine screening; there was no consistent therapeutic 
approach; about two-thirds of the original cohort were 
excluded because of no follow-up; coronary anatomy 
was not documented; all coronary events were indiscri- 
minantly combined; progression of angina differs from 
our end-point of unstable angina; and the number of 
METs at the onset of ST-segment depression differs 
from our criteria of final workload achieved. 

The results of our study were derived from a consec- 
utive series of patients who constitute a selected group. 
Patients with recent unstable angina or myocardial in- 
farction or those undergoing surgery immediately after 
their exercise test or those not having coronary arterio- 
grams were excluded. Nevertheless, the cohort was rela- 
tively homogenous with regard to clinical and laborato- 
ry characteristics and initial treatment. The distribution 
according to Bruce stage of the 105 patients who under- 
went early coronary surgery and were excluded was 
comparable to that of the study cohort. The decision for 
surgery in this group was based on the presence of angi- 
na responding unsatisfactorily to medical treatment and 
the existence of severe coronary artery disease (70% had 
3-vessel or left main trunk disease, or both). 

During the follow-up, coronary artery bypass sur- 
gery was performed in 51 patients and may have modi- 
fied the survival rate. If so, the impact might not be 
very important because the intervention was carried out 
to nearly the same extent in all subgroups (Table II) 
and at a mean time of 45 months after the exercise test. 
By the second and third year, the survival curves depict 
different subsets according to exercise workload (Figure 
1). It may be argued that a bias is inherent in tabulat- 
ing morbid events in these subsets, inasmuch as the 
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higher mortality rate in lower Bruce stages necessarily 
gives them less time exposure in which to contract mor- 
bid events as compared to those in higher Bruce stages. 
Furthermore, because of the more compromised status 
of lower Bruce subsets, what starts out as an apparently 
morbid event is more likely to culminate in and be 
counted as a fatal event. However, this does not alter, in 
the strict sense, the thrust of the proposition—namely 
the lack of predictive value of the exercise test with re- 
spect to morbidity. 

It is to be expected that mortality is related to exer- 
cise stage inasmuch as the latter tends to reflect coro- 
nary arterial reserve and left ventricular function, both 
strong predictors of survival.!-6-13 Thus, long-term prog- 
nostication with regard to mortality is possible on the 
basis of the workload achieved. A patient with an excel- 
lent exercise performance may sustain a morbid event 
but is most likely to survive it. On the other hand, the 
patient with mediocre exercise tolerance can little afford 
this additional insult, due to a preexisting poor left ven- 
tricular function and probably multivessel disease. 

Among these patients with a strongly positive exer- 
cise electrocardiogram, it is striking that no clinical 
variable seems able to predict the morbid event. The 
patient with favorable clinical characteristics appears as 
likely to sustain unstable angina or myocardial infarc- 
tion and the mean time to a morbid event will be about 
the same as well (Figure 2). It is the presence of coro- 
nary artery disease that seems to be the determining 
factor. Although it was expected that the severity of 
coronary atherosclerosis would have a predictive value 
for morbid events, other factors should be considered in 
these patients. Plaque fissure or rupture of an ather- 
omatous lesion with secondary platelet aggregation and 
thrombus formation is implicated as the primary mover 





FIGURE 2. Morbid event-free rates for the 241 patients according to workload achieved. The number of patients remaining at 


each yearly interval is indicated below the abscissa. 
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PROGNOSIS WITH STRONGLY POSITIVE EXERCISE ECG 


of the acute coronary event.'*-!® This phenomenon may 
happen in a chance or random fashion,'*!° which would 
explain our failure to correlate exercise workload or any 
other clinical variable with the occurrence of the acute 
morbid coronary event. 
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[he effectiveness you expect from nifedipine 


ANGINA FREQUENCY! 






Fourteen-week, open-label, crossover trial to compare the efficacy and dose 
equivalency of nifedipine capsules (weeks 1 and 2) vs PROCARDIA XL 

(weeks 3-14) in 98 patients with chronic stable angina who-had been on nifedipine 
capsules at least one month prior to the study. Patients were switched to the 

nearest equivalent daily dose over the dose range of 30-150 mg/day. Ninety-five 
patients were crossed over to receive PROCARDIA XL; 91 of these were evaluated 

for efficacy. The majority remained on beta blockers and/or nitrates throughout the 
study. (Reported by Vetrovec GW et al, Am J Med, 1987.') 

Patients were of different races. (Data on file. Medical Department, Pfizer Laboratories, 
Pfizer Inc.) 
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Data obtained from multiple controlled trials of PROCARDIA XL (30-150 mg q.d.) in 
172 patients with angina. (Data on file. Medical Department, Pfizer Laboratories, 
Pfizer Inc. 
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è The most common side effects are peripheral edema, which is not associated with 
fluid retention, and headache 
In controlled trials of 776 patients with PROCARDIA XL, edema resulted in 
discontinuation of therapy in 2.7% of patients? 


,..And no significant changes in heart rate’ 
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One 20-mg Extended Release 
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Brief Summa 
PROCARDIA HL (pitedipine) Extended Release Tablets For Oral Use 
CONTRAINDICATIONS: 


nown ay ace pon to nifedipine l 
WARNINGS: Excessive Hypotension: Although in most mn patients the hypotensive effect of nifedipine is modest and well tolerated, 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. 

ere hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose 
fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it may occur with nifedipine rea 
with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treate 
patients where surgery using high dose vany anesthesia is contemplated, the physician should be aware of these potential problems 
ay if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior 
0 surgery. 

The followin information should be taken into account in those patients who are being treated for hypertension as well as angina: 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
ease, have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nif ipine or at the time of dosage increase. The mechanism of this effect is not established. ) 
Beta Blocker Withdrawal: It is important to taper beta blockers if possible, rather than soopng them abruptly before beginning nifedi- 
pine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to 
e rnin fg catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 
reported to increase it. $ i 2 

ngestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning tra if 
Patients with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be expected to be 
of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve. 

PRECAUTIONS: Genera potension: Because niodiping decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recommended for 
patients already king medications that are known to lower blood pressure "See WARNINGS.) - 

ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 
mately 10% to about 30% at the ngue dose studied (180 mg). It is a localized phenomenon thought to be associated with vasodilation 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction. a 
Laboratory Tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phosphatase CPK, LDH, 
SGOT, and SGPT have been noted. The relationship to nifedipine therapy is uncertain in most cases, but probable in some. These labora- 
tory abnormalities have rarely been associated with clinical symptoms; however, cholestasis with or without jaundice has been reported. 
Asmall (5.4%) increase in mean alkaline poan was noted in patients treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical symptoms and it rare y esate in values which fell outside the normal range. Rare instances of allergic hepatitis 
have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
patients receiving concomitant diuretics. 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
thought to cod awe of inhibition of calcium transport across the platelet membrane. No Clinical significance for these findings has 

en demonstrated. 

Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory test, rae hemolysis, could not be determined. 

Although nifedipine has been used safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain 
cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency. 
The relationship to nifedipine therapy is uncertain in most cases but probable in some. 

Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patients with Procardia* capsules in a 
noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-blocking agents is usually well tolerated 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, 
severe hypotension, or exacerbation of angina. ; l 

Long cing Nitrates: Nifedipine may be Safely co-administered with nitrates, but there have been no controlled studies to evaluate the 
antianginal effectiveness of this combination 

Dig! is: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another tt! ae found no increase in digoxin levels in thirteen patients with coronary artery disease. In an uncontrolled 
study of over two hundred patients with congestive heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated cgo levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization. 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) and area-under- 
the-curve (74%), after a one week Course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine produced smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
system probably responsible for the firsf-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, cautious titration is advised. 
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Extended Release Tablets to equal 120 mg total daily 
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e Experience with doses >90 mg in patients with 
angina is limited; therefore, doses >90 mg should be 
used with caution and only when clinically warranted 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, for two yenn and was not shown to 
be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
recommended human dose. /n vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy gory C. Nifedipine has been shown to be teratogenic in rats when given in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommende 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of + nancy. There 
are no adequate and well controlled studies in pregnant women. PROCARDIA XL * (nifedipine) Extended Release Tablets should be used 
curing regnancy only if the potential benefit justifies the potential risk to the fetus. 

ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 
pyper tension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% at the 
highest dose studied (180 mg), Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
er oa to 9.8% placebo incidence), fatigue (5.9% , compared to 4.1% placebo incidence), dizziness (41%, compared to 4.5% placebo 
incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, comes to 19% placebo incidence). Of 
these, only edema and headache were more common in PROCARDIA XL patients than placebo patients 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidence of these 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain: cardiovascular: palpitations: central 
nervous system: insomnia, nervousness, paresthesia, somnolence: dermatologic: pruritus, rash: "parang teen abdominal pain, 
diarrhea, dry mouth, yoy flatulence; musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspnea: 
urogenital: impotence, polyuria l 

ther adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: tace 
edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: arrhythmia, ypoionsion, increased angina, tachycardia, 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, nypoesthesia, migraine, paroniria, tremor, 
vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura: gastrointestinal: eructation, gastroesophageal reflux, gum 
hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias, respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal facrimation, abnormal vision, taste perversion, 
tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia. 

a experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
medications. 

In multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent buf generally not serious and rarely required discontinuation of therapy or dosage adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence): f ushing, heat sensation as compared to 8% 
placebo incidence); headache (23%, compared to 20% placebo incidence): weakness (12%, compared to 10% placebo incidence): 
nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence 
peripheral edema (7%, compared to 1% placebo incidence): nervousness, mood changes (7%, compared to 4% placebo incidence 
palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence). and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence) 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
occurred in fewer than 0.5% of patients : 

in a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy, the pattern and incidence of adverse 
experiences was not different trom that of the entire group of Procardia treated patients (See PRECAUTIONS. ) 

n a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients 
ee occurred in peepee one patient in 250. Myocardial infarction or symptoms of — heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 150. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Natural History of Potentially Lethal Ventricular 
Arrhythmias in Patients Treated with Long-Term 
Antiarrhythmic Drug Therapy 


Harold L. Kennedy, MD, MPH, Michael K. Sprague, Sharon M. Homan, PhD, 
Sondra M. Seiler, BA, Robert D. Wiens, MD, Denise L. Janosik, MD, 
Robert M. Redd, MD, and Thomas A. Buckingham, MD, 
with the technical assistance of Debra Lyyski and Julie Stoltz 


To examine the natural history of long-term anti- 
arrhythmic therapy in patients with benign and po- 
tentially lethal ventricular premature complexes 
(VPCs), 28 patients with initial efficacy with 
moricizine (>75% suppression of baseline mean 
VPCs/hr and >90% suppression of repetitive 
VPCs) were prospectively followed for 1 to 56 
(mean + standard deviation 25 + 17) months. Pa- 
tients were examined during baseline placebo, anti- 
arrhythmic drug therapy and intermittent pulsed- 
placebo reexamination periods. The mean VPCs of 
all patients at baseline entry were 233 + 47 VPCs/ 
hr, and after moricizine therapy 14 + 4 VPCs/hr. 
Follow-up demonstrated that antiarrhythmic effica- 
cy decreased to 75% at 12 months and to 62% at 
24 months. Loss of antiarrhythmic drug efficacy 
most commonly occurred as a “‘transient”’ event 
(10 patients [36%]), and efficacy was spontaneous- 
ly reestablished without a change in antiarrhythmic 
therapy. In contrast, increased dose titration of 
moricizine was necessary to reestablish antiar- 
rhythmic suppression efficacy in 4 patients (14%), 
and 4 patients (14%) lost antiarrhythmic drug re- 
sponsiveness during follow-up. Spontaneous de- 
crease in baseline VPCs resulted in discontinuation 
of antiarrhythmic therapy in 3 patients, and in- 
crease in baseline VPCs was associated with a loss 
of antiarrhythmic response in 2 patients. Late 
proarrhythmic effects (2 patients, 7%), delayed 
side effects necessitating drug withdrawal (6 pa- 
tients, 21%) and medical events (4 patients, 14%) 
occurred during 56 months of follow-up. Individual 
serum moricizine levels remained in the therapeutic 
range throughout the study and did not correlate 
with changes in antiarrhythmic efficacy. Both the 
development of time-dependent changes in sponta- 
neous variability of VPCs and the occurrence of 
late clinical and arrhythmic events confound the 
evaluation of long-term antiarrhythmic drug 
therapy. 

(Am J Cardiol 1989;64:1289-1297) 





ntiarrhythmic drug therapy until recently has 
A monn been prescribed clinically on a long- 

term basis to asymptomatic patients with cardi- 
ac disease and frequent or complex ventricular prema- 
ture complexes (VPCs). Although potentially lethal 
VPCs in patients with ischemic heart disease or cardio- 
myopathy have been shown to be an independent pre- 
dictor of sudden and cardiac death,'~ it has not been 
established that successful antiarrhythmic suppression 
of such VPCs will beneficially alter clinical risk.> The 
Cardiac Arrhythmia Suppression Trial (CAST), a Na- 
tional Institutes of Health-sponsored multicenter trial, 
is currently investigating the accuracy and merit of the 
hypothesis that long-term antiarrhythmic drug suppres- 
sion therapy of frequent or complex VPCs in the high- 
risk patient after myocardial infarction is efficacious.®’ 
Whereas recent evidence from CAST has shown that 2 
antiarrhythmic drugs, encainide and flecainide, were as- 
sociated with an increased incidence of arrhythmic and 
cardiac death compared to placebo,® there is increased 
clinical interest in the natural history of long-term anti- 
arrhythmic drug therapy. 

Moricizine is an antiarrhythmic drug that CAST is 
still using, and is therefore of clinical interest. We de- 
scribe the natural history of 28 patients with potentially 
lethal VPCs who initially demonstrated suppression of 
arrhythmias with moricizine during short-term trials 
with placebo periods,”:!° and then entered a long-term 
prospective study of antiarrhythmic drug therapy. The 
follow-up study examined (1) duration of antiarrhyth- 
mic drug efficacy, (2) changes in baseline VPC frequen- 
cy, (3) development of late proarrhythmic criteria, de- 
layed side effects or medical events and (4) correlation 
of serum moricizine levels to long-term antiarrhythmic 
efficacy. 


METHODS 
Patient selection: The study group consisted of 28 
patients identified from April 1984 to December 1987 
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who had nonmalignant (nonlife-threatening and hemo- 
dynamically stable) VPCs with a mean frequency >30 
beats/hr, and who demonstrated efficacy with morici- 
zine (>75% reduction of baseline mean VPCs/hr and 
>90% suppression of all repetitive VPCs) when exam- 
ined by controlled protocols.?!° These patients were 
without recent myocardial infarction, unstable angina, 
uncompensated heart failure, second-degree or high 
grade atrioventricular block, complete bundle branch 
block or clinically significant endocrine, hematologic, 
gastrointestinal, hepatic or renal disease. 

Study design: All patients with demonstrated mori- 
cizine antiarrhythmic efficacy were prospectively reex- 
amined for delayed side effects; medical history, physi- 
cal examination, blood laboratory tests, serum drug lev- 
els and 24-hour ambulatory electrocardiograms were 
obtained at 1 and 3 months, 6 months and every 6 
months thereafter. Continued clinical antiarrhythmic 
drug efficacy was determined by 24-hour ambulatory 
electrocardiography at a time of clinical stability when 
factors known to alter arrhythmia density (e.g., electro- 
lytes, ventricular function, medications or compliance) 
were not present. When efficacy was not confirmed, 
ambulatory electrocardiography was repeated within 2 
weeks to exclude spontaneous individual variability of 
VPCs.'! When repeat examination revealed a spontane- 
ous return of antiarrhythmic efficacy criteria, the epi- 
sode was designated a “transient” loss of efficacy due to 
individual arrhythmia variability. If repeat examination 
confirmed loss of efficacy criteria, moricizine was dose- 
titrated (up to 13 or 15 mg/kg) to reestablish efficacy. 
Patients responding were designated “responders to 
dose titration.” Patients who failed to reestablish effica- 
cy with increased dose titration were designated as hav- 
ing a “loss of antiarrhythmic response.” Infrequently, 
some patients maintained >75% suppression of baseline 
VPCs but lost >90% suppression of repetitive forms ini- 
tially demonstrated, and were also designated as having 
a “loss of antiarrhythmic response.” 

During the course of the study Pratt et al!? reported 
significant spontaneous changes in baseline VPCs oc- 
curring in a similar group of patients. Thereafter, an 
effort was made to perform repeat pulsed-placebo peri- 
ods with baseline ambulatory electrocardiograms (after 
5 to 7 days) every 6, 12 or 18 months as logistically 
feasible when the patient was clinically stable. If the 
original baseline VPC frequency returned or was ex- 
ceeded, long-term moricizine therapy was reinstituted. 
When VPC frequency did not return to 250% of the 
initial baseline evaluation, the patient was reexamined 
on continued placebo every 2 to 4 weeks for the next 8 
weeks, and on no therapy at intervals of 2 to 6 months 
thereafter. These examinations identified spontaneous 
resolution or marked diminution of VPCs. 

Some definitions evolved during the course of the 
study.'3-!> Proarrhythmia was always defined as the ap- 
pearance at any time during the active drug period of a 
more severe form (e.g., sustained or nonsustained ven- 
tricular tachycardia) not previously identified, or 
arrhythmia causal of hemodynamic instability. More 





severe VPC frequency was originally defined as a 4- 
fold increase in baseline mean VPCs/hr or complex 
forms,”!° and later followed the recommendation of a 
3-fold increase in frequency when baseline mean VPCs 
were >100 VPCs/hr, and more than a 10-fold increase 
when baseline frequency was <100 VPCs/hr.!> Pro- 
arrhythmic events were also subclassified as death, seri- 
ous or nonserious events.!4 

Ambulatory electrocardiography: Twenty-four-hour 
ambulatory electrocardiography recordings were ob- 
tained and analyzed with methods previously de- 
scribed.'° A total of 127 (mean 4.7 + 2.7/patient) am- 
bulatory electrocardiographic recordings were recorded 
during follow-up with a mean duration of 21.4 + 0.2 
hours. Ventricular arrhythmias were quantitated hourly 
for mean VPCs, ventricular couplets and runs of ven- 
tricular tachycardia (defined as >3 consecutive beats at 
a rate >100 beats/min). Quality control methods of 
VPC analysis have been reported.!° 

Serum assay: Plasma moricizine concentrations 
were determined by means of paired samples using 
high-performance liquid chromatography with methods 
previously described.'© Serum samples were frozen and 
sent to E.I. du Pont de Nemours & Company for analy- 
sis. 

Statistical analysis: Descriptive statistics are pre- 
sented as mean + standard deviation or mean + stan- 
dard error of the mean. Statistical analyses were per- 
formed using the Student ¢ test for paired data, the 
analysis of variance for single variables and the chi- 
square statistic where appropriate. Statistical signifi- 
cance was defined as p <0.05. To analyze time-to-event 
data (both clinical and arrhythmic) with censored ob- 
servations, life-table analysis techniques were used with 
the Kaplan-Meier method.!” 
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Baseline Moricizine 
Placebo Therapy 


Mean/Hr 233+47 1444 


FIGURE 1. Hourly mean ventricular ectopy of 28 patients 
during initial baseline placebo and moricizine therapy. 
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LONG-TERM ANTIARRHYTHMIC DRUG THERAPY 


TABLE Il Long-Term Antiarrhythmic Drug Efficacy in 28 Patients Receiving Long-Term Moricizine Therapy 
Months of Follow-Up 


ee ee ae ol 


0 3 6 12 18 24 30 36 42 48 
Pts (n) 28 27 26 20 14 13 12 9 6 3 
Continued AA efficacy 28 22 20 14* 11 8 8 8* 6 3 
Proarrhythmic response 0 0 0 14 0 0 1* 0 0 0 
Loss of AA efficacy 0 5 6 6 3 5 3 1 0 0 
Transient 0 4 4 3 3 5 2 0 0 0 
Responded to dose titration 0 1 1 2 0 0 0 0 0 0 
Loss of AA response 0 O 1t 1t 0 0 1 1 0 0 


* spontaneous resolution of VPC was found at 12, 30 and 36 months in 3 patients; t due to loss of >90% suppression of repetitive VPC; t occurred at 8 months of follow-up. 


AA = antiarrhythmic. 


RESULTS 

Clinical characteristics: Clinical characteristics of 
the study group are listed in Table I. All patients in the 
study were categorized as having potentially lethal 
VPCs and had never been documented to have sus- 
tained ventricular tachycardia or a history of cardiac 
arrest or sudden death. All hematologic and serum 
chemistry tests remained normal throughout the study. 

Antiarrhythmic drug efficacy: Initial short-term 
studies of the 28 patients entered into the follow-up 
study showed baseline suppression of VPCs during mor- 
icizine therapy (Figure 1). Ventricular couplets (26 pa- 
tients) were reduced from 3.9 + 1.4 to 0.38 + 0.19 cou- 
plets/hr, and ventricular tachycardia (17 patients) was 
reduced from 0.76 + 0.31 to 0.08 + 0.05 beats/hr (p 
<0.01). Ventricular tachycardia runs were reduced 
from 4.7 + 11.1 to 0.62 + 2.3 runs/24 hours (p <0.01). 

Repeat ambulatory electrocardiographic mean VPC 
frequencies during long-term moricizine antiarrhythmic 
therapy are shown in Figure 2. Wide fluctuations of 
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Initial 3 
Moricizine 
Efficacy 


Patients (N) (28) (27) (26) (20) (14) 





VPC frequency were observed as early as 3 months or 
as late as 30 months (Figure 2). As the duration of 
antiarrhythmic drug therapy increased, maintenance of 
>75% suppression criteria decreased to 75% at 12 
months and 62% at 24 months, compared to the initial 
baseline placebo mean VPCs (Table I) (Figure 2). Sim- 
ilar decreases occurred if other antiarrhythmic criteria 
of efficacy (e.g., >80 or 90% suppression) were selected. 

Changes in long-term antiarrhythmic drug efficacy 
of the 28 patients listed in Table II indicated that loss of 
antiarrhythmic efficacy most commonly occurred “tran- 
siently” and accounted for 72% (21 of 29) of total loss 
of efficacy. These transient episodes, which occurred in 
10 patients (36%), were ascribed to spontaneous ar- 
rhythmia variability, because repeat ambulatory elec- 
trocardiographic examination confirmed the spontane- 
ous return of antiarrhythmic efficacy (>75% suppres- 
sion). Kaplan-Meier analysis indicated the probability 
of a transient loss of antiarrhythmic efficacy criteria oc- 
curring to be >60% during the initial 24 months of fol- 


(13) (12) 


FIGURE 2. Hourly mean ventricular ectopy of 28 patients receiving long-term moricizine antiarrhythmic therapy during 48 


months of follow-up. 
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TABLE Ill Arrhythmia Suppression of Hourly Mean VPCs During Moricizine Antiarrhythmic Therapy in 18 Patients Relative to 
Initial Baseline Placebo and Repeat Pulsed-Placebo Examination 


>75% Suppression >80% Suppression >90% Suppression 


Baseline Placebo Pulsed Placebo Baseline Placebo Pulsed Placebo Baseline Placebo Pulsed Placebo 


Follow-Up (mos) 


7/7 (100) (86) 7/7 (100) (71) (57) (43) 
8/10 (80) (70) 8/10 (80) (60) (60) (60) 
4/6 (67) (50) 4/6 (67) (50) (33) (17) 
4/8 (50) (75) 4/8 (50) (75) (38) (38) 
6/10 (60) (60) 9/10 (50) (50) (30) (30) 
7/8 (88) (88) 7/8 (88) (88) (75) (75) 
5/5 (100) (60) 5/5 (100) (60) (60) (40) 
2/2 (100) 2/2 (100) 2/2 (100) 2/2 (100) 2/2 (100) 2/2 (100) 





low-up (Figure 3). On the other hand, increased dose 
titration of moricizine (mean dose before 10.8 + 0.5 
mg/kg vs mean dose after 12.2 + 0.2 mg/kg; p <0.005) 
was necessary in 4 patients to restore antiarrhythmic 
efficacy criteria, and 3 patients failed to respond to in- 
creased dose titration (mean dose before 11.3 + 0.7 
mg/kg vs mean dose after 12.5 + 0.6 mg/kg; p <0.005) 
and were designated a loss of antiarrhythmic response 
(Table II). In the latter 3 patients, 2 patients demon- 
strated >75% suppression of hourly mean VPCs, but 
developed a =>4-fold increase in ventricular tachycardia 
unresponsive to moricizine therapy at 6 and 12 months 
of follow-up (Table II). Whereas increased dose titra- 
tion was necessary during the initial 12 months of fol- 
low-up, apparent loss of antiarrhythmic response oc- 
curred as early as 6 or as late as 36 months of follow-up 
(Table II). No relation was found between the occur- 
rence of a transient loss of antiarrhythmic efficacy and 
the subsequent development of a need for dose titration 
(chi-square 0.142; difference not significant) or a loss of 
antiarrhythmic response (chi-square 0.036; difference 
not significant). 

Repeated placebo measurements of baseline ven- 
tricular arrhythmias: Individual changes of hourly 
mean VPC frequency at initial baseline and during re- 
peat pulsed-placebo examinations are shown for 18 of 
the 28 patients in Figure 4. Twenty-six repeat pulsed- 
placebo ambulatory electrocardiograms were performed 
a mean of 8.6 + 7.1 (range 3 to 33) days after discon- 
tinuation of moricizine therapy. Individual patients 
showed initial baseline VPC frequencies over a wide 
range (39 to 1,333 VPCs/hr), and some patients were 
found to have spontaneous resolution or marked dimi- 
nution of VPCs as early as 12 months, or as late as 30 
or 36 months of follow-up (Figure 4). Discovery of this 
phenomenon was related in part to when patients were 
reexamined. Eight patients displayed a decrease of 
mean VPCs on the initial pulsed-placebo examination, 
and in 5 patients (28%) this reduction achieved a de- 
crease >75% of mean VPCs compared to the initial 
baseline VPCs, simulating antiarrhythmic efficacy (Fig- 
ure 4). Spontaneous resolution or marked diminution of 
VPCs occurred in 3 patients and was confirmed by re- 
peat ambulatory electrocardiography and persisted for 
>12 months in 1 patient, whereas 2 patients redevel- 
oped baseline level mean VPCs 2 and 4 months later. In 
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contrast, 4 patients (22%) on pulsed-placebo reexamina- 
tion showed 2.5- to 9-fold increases in mean VPC fre- 
quency over time compared to the initial baseline place- 
bo frequency (Figure 4). These spontaneously increased 
VPC frequencies continued to be suppressed by morici- 
zine antiarrhythmic therapy in 2 patients, but 2 patients 
lost antiarrhythmic responsiveness with increased VPC 
frequency (Table II). Decreased or increased VPC fre- 
quency was unrelated to baseline frequency or hourly 
variability, changing cardiovascular or clinical status or 
a specific clinical or etiologic factor, and was interpret- 
ed as spontaneous variability of VPCs over time. 
Antiarrhythmic drug efficacy in these 18 patients 
relative to both the initial baseline placebo and pulsed- 
placebo examination are listed in Table III. Discrepan- 
cies occurred randomly in both directions (more or less 
efficacious) and were similar regardless of the suppres- 
sion efficacy criteria selected (Table III). It appears 
that the greatest merit of pulsed-placebo reexamination 
was the identification of 2 patients with spontaneous 
resolution or marked diminution of VPCs incorrectly 
thought to have continued antiarrhythmic efficacy, and 
the interpretation of late proarrhythmia criteria. 
Development of late proarrhythmia: A late proar- 
rhythmic response developed in 2 patients during long- 
term observations (Table II). One patient with hyper- 
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Time in Months 
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FIGURE 3. Kaplan-Meier analysis of the cumulative 
proportion of patients maintaining antiarrhythmic 
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FIGURE 4. Hourly mean ventricular 
ectopy of 18 patients for baseline 
placebo and repeat pulsed-placebo 


FIGURE 5. Kaplan-Meier analysis of 
cumulative proportion surviving without 
clinical events (top, cardiac events, deaths 
and side effects) and without loss of anti- 
arrhythmic efficacy criteria (bottom, due 
to late proarrhythmia, dose titration or 
loss of antiarrhythmic [AA] response). 





tensive cardiomyopathy with an initial baseline mean of 
206 VPCs/hr without repetitive activity developed a 
gastroenteritis illness and substernal chest pain after 8 
months of long-term moricizine therapy (10.4 mg/kg; 
<1 VPC/hr). Emergency room evaluation disclosed a 
monomorphic ventricular tachycardia at a rate of 214 
beats/min that was subsequently cardioverted to sinus 
rhythm with 300 J. Serum enzymes, chemistry and seri- 
al electrocardiograms were normal and unchanged. 
Cardiac catheterization disclosed a diffusely hypokinet- 
ic ventricle, normal coronary arteries and elevated ven- 
tricular end-diastolic pressures. After discontinuation of 
moricizine therapy for 6 days, electrophysiologic study 
disclosed no inducible sustained ventricular arrhyth- 
mias. Ambulatory electrocardiography disclosed a mean 
of 1 VPC/hr without repetitive ventricular arrhythmia. 
The patient was not rechallenged. 

Another patient with ischemic heart disease and left 
ventricular hypertrophy received long-term moricizine 
therapy (12.9 mg/kg) for a baseline mean of 139 
VPCs/hr. Moricizine therapy resulted in suppression of 
VPCs to 10 VPCs/hr without repetitive ventricular ac- 
tivity. Reexamination at 30 months of follow-up dis- 
closed a mean of 822 VPCs/hr without a change in 
clinical status. This 6-fold increase in mean VPC fre- 
quency compared to baseline met the established proar- 
rhythmia criteria and moricizine therapy was stopped. 
Repeat pulsed-placebo ambulatory electrocardiography 
1 week later showed a mean of 16 VPCs/hr. Subse- 
quent examinations disclosed a return of VPCs (mean 
1,140 VPCs/hr) 4 months later. 

Serum moricizine levels: One-hundred thirty-nine 
serum moricizine trough levels were obtained in 28 pa- 
tients during long-term follow-up. Compliance by pill 
counts was found to be >96% in all patients during fol- 
low-up. No significant differences (p >0.05) were ob- 
served by repeated measures of variance between indi- 
vidual patients with 2 (15 patients), 3 (12 patients) or 4 
(8 patients) serum measurements. No statistical differ- 
ences existed between mean serum moricizine levels ob- 
tained at entry into the study (mean 0.13 + 0.11 ug/ 
ml) compared to serum moricizine levels at 3 (mean 
0.18 + 0.19 ug/ml), 6 (mean 0.11 + 0.11 ug/ml), 12 
(mean 0.13 + 0.13 ug/ml), 18 (mean 0.09 + 0.09 ug/ 
ml), 24 (mean 0.13 + 0.10 ug/ml) or 30 (mean 0.12 + 
0.09 ug/ml) months of follow-up. 

Evaluation of clinical and antiarrhythmic drug effi- 
cacy outcome: Kaplan-Meier analysis of clinical events 
and antiarrhythmic drug efficacy events during a mean 
of 25 + 17 months (range 1 to 56) of follow-up are 
shown in Figure 5. There was 1 nonsudden cardiac 
death (9 months) and 1 noncardiac (44 months) death, 
and 2 patients had myocardial infarction (cardiac 
events) during the study (Figure 5). Clinical follow-up 
disclosed delayed side effects in 6 patients (21%) even- 
tually necessitating moricizine withdrawal (Figure 5). 
All patients (except 1) with side effects were rechal- 
lenged with moricizine to verify the etiologic nature of 
the complaints. Side effects consisted of incessant diar- 
rhea (1), severe anorexia (1), persistent nausea (1) and 
marked fatigue (1). The unusual symptom of diaphore- 


sis and memory loss was confirmed in 2 patients at 15 
and 18 months. Thus, by Kaplan-Meier analysis there 
was a 35% probability of patients experiencing some 
clinical event by 24 months. Clinical events seemed un- 
related to antiarrhythmic efficacy, which was present in 
all patients at the time of occurrence. There was a pro- 
gressive occurrence of arrhythmic events resulting in 
true (nontransient) loss of arrhythmic efficacy in the 
study group over duration of follow-up (Figure 5). By 
24 and 36 months, the probability of loss of antiarrhyth- 
mic efficacy requiring medical intervention was 30 and 
40%, respectively. 


DISCUSSION 

Our prospective follow-up study of long-term mori- 
cizine antiarrhythmic suppression therapy in a group of 
28 patients with potentially lethal VPCs during 1 to 56 
(mean 25 + 17) months of follow-up documents the 
problematic natural history and difficulty in evaluating 
long-term antiarrhythmic drug therapy. In addition to a 
changing natural history, it is apparent from the present 
study that specific factors related to long-term antiar- 
rhythmic drug therapy also occur. They include (1) a 
transient loss of antiarrhythmic efficacy criteria, (2) a 
need for increased drug dose titration, (3) a loss of drug 
response to therapeutic doses, (4) the development of 
late proarrhythmic criteria, (5) the spontaneous resolu- 
tion or diminution of VPCs during therapy, and (6) the 
development of delayed side effects necessitating drug 
withdrawal. Many clinicians prescribing long-term anti- 
arrhythmic drug therapy are not completely aware of 
these problems. We examined patients with potentially 
lethal ventricular arrhythmias, who currently are esti- 
mated to approximate 1 million in the United States 
and constitute the largest subset of patients receiving 
long-term antiarrhythmic therapy.'® Reflecting clinical 
practice, study follow-up measurements of VPC fre- 
quency during long-term therapy were compared to an 
initial baseline placebo measurement as recommended 
to differentiate a true antiarrhythmic drug suppressant 
effect from spontaneous VPC variability.!':!9 

During the present study, a transient loss of antiar- 
rhythmic drug efficacy occurred during follow-up in 
36% of patients and accounted for the majority (72%) 
of instances of loss of efficacy. Neither repeated base- 
line ambulatory electrocardiography to establish initial 
mean VPC variance, nor selection of an increased target 
percent suppression goal prevented the problematic in- 
terpretation of a transient loss of antiarrhythmic effica- 
cy criteria. Several studies have documented the vari- 
ability of VPCs and have drawn attention to the marked 
decreases or increases that occur over time.!!:!2,!9-22 
This was particularly evident in the present study with 
repeated pulsed-placebo measurements, which showed 
that 5 of 18 patients (28%) had a decrease of VPCs 
simulating antiarrhythmic efficacy, and 3 of these pa- 
tients had spontaneous resolution or marked diminution 
of baseline VPCs. Moreover, an additional 4 patients 
disclosed 2.5- to 9-fold increases in VPCs over periods 
of time ranging from 12 to 36 months. Whether these 
oscillations about an arbitrarily chosen definition of 
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antiarrhythmic efficacy (>75, 80 or 90% suppression) 
are of significant clinical consequence is unknown and 
requires further study. The probability of this phenome- 
non occurring in more than half of patients treated with 
moricizine by 24 months shown by Kaplan-Meier anal- 
ysis may be expected to differ for other antiarrhythmic 
drugs. 

ak data confirm the reports of Pratt et al!* and 
Facchini et al, who found spontaneous resolution of 
VPCs in 25 to 27% of patients with benign and poten- 
tially lethal VPCs during 12 to 17 months of antiar- 
rhythmic therapy. Similar to other studies that used 
multiple recordings in a single set of patients over pro- 
longed durations of time, it was difficult to distinguish 
true antiarrhythmic drug response from spontaneous 
changes in VPC frequency. Variability of VPCs is time 
dependent, and is greater in patients with low density 
VPCs, coronary artery disease or with frequent ventric- 
ular tachycardia runs.'?? These data support the rec- 
ommendation of other investigators that assessment of 
long-term antiarrhythmic efficacy in patients with be- 
nign or potentially lethal VPCs requires arrhythmia as- 
sessment before and after short-term drug washout to 
determine whether the arrhythmia persists and requires 
therapy.!*:!?-?3 The greatest merit of pulsed-placebo re- 
examination in our study seemed to be in identifying 2 
patients with apparent “continued antiarrhythmic effi- 
cacy” and | patient with evidence of late proarrhythmia 
with spontaneous resolution of arrhythmia, who no 
longer required antiarrhythmic therapy. Its value has 
been verified,” in contrast to patients with malignant 
VPCs (hemodynamically unstable) who rarely have 
spontaneous abatement of life-threatening arrhyth- 
mias.4 

We found the need for increased dose titration of 
moricizine in 14% of patients (4) during the initial 12 
months of therapy, and an apparent loss of antiarrhyth- 
mic response in 14% of patients (4) from 6 to 36 months 
after beginning therapy. Another study has reported a 
similar need for increased dose titration of encainide?> 
antiarrhythmic therapy in 23% of patients during the 
initial 12 of 36 months of follow-up. Similarly, a loss of 
antiarrhythmic response has been reported to occur in 
18% of such patients receiving long-term flecainide 
therapy during a mean follow-up of 25 + 14 months.?5 
A new observation of the present study was that 2 of 4 
patients with spontaneous increases in baseline VPCs 
identified during pulsed-placebo reexamination subse- 
quently showed a loss of antiarrhythmic responsiveness 
when dose titration failed to reestablish efficacy. The 
interaction of a spontaneous increase in VPC frequency 
over time with an eventual loss of long-term antiar- 
rhythmic efficacy has not been previously described to 
our knowledge. In the present study, changes in under- 
lying clinical or disease status, medication compliance 
or changing serum moricizine levels did not account for 
the loss of antiarrhythmic efficacy, and its etiology re- 
mains speculative. 

Proarrhythmia is rarely reported in patients with be- 
nign or potentially lethal arrhythmias, and this is espe- 
cially true for moricizine.*° Proarrhythmia occurs in 3 
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to 4% of such patients treated with moricizine, usually 
within 1 to 7 days.*° In the present study, 2 patients 
developed late proarrhythmia after 8 and 30 months of 
long-term moricizine therapy that was “serious” in pro- 
ducing a sustained ventricular tachycardia in 1 patient, 
and “nonserious” in the production of increased fre- 
quency of VPCs in the other. The development of late 
proarrhythmia has been doubted by authoritative inves- 
tigators*® and rarely reported.” The present study docu- 
ments that late proarrhythmia occurs as a problematic 
phenomenon and may be a primary event, or secondary 
to changes in clinical status. Such a phenomenon now 
seems suspect as a possible causative factor associated 
with the increased mortality in patients who received 
long-term encainide or flecainide therapy in CAST.’ 

The development of delayed side effects that re- 
quired drug withdrawal emphasizes the problematic na- 
ture of long-term antiarrhythmic therapy. Although all 
patients were initially assessed for adverse side effects 
with controlled protocols,”:!° the detection of delayed or 
unrecognized complaints was not clearly evident in 
some patients until 1 to 24 months later. Although mor- 
icizine has been documented to be an antiarrhythmic 
drug with a low incidence (range 2 to 14%) of side ef- 
fects without serious toxicity compared to other antiar- 
rhythmic agents, delayed side effects ultimately led to 
drug withdrawal in 21% of patients during 1 to 56 
months of follow-up. Delayed side effects during place- 
bo are unreported in this population, but have been de- 
scribed in 5 to 28% of patients receiving long-term en- 
cainide or flecainide therapy.?3:25.27,28 

The clinical implications of these observations are 
unsettling. Whereas moricizine appears to be a good to 
excellent antiarrhythmic drug for the short-term treat- 
ment of patients with benign or potentially lethal VPCs, 
the long-term therapy in such patients is problematic in 
assessing and maintaining antiarrhythmic drug efficacy. 
Our data and similar studies call attention to these 
problems and provide insight as to why prior antiar- 
rhythmic studies may not have detected clinical bene- 
fit.*?7 Whereas measurement of longer baseline inter- 
vals and an increased target percent suppression goal 
may enhance accuracy of VPC assessment, follow-up 
short-term drug washout and baseline arrhythmia reas- 
sessment seem mandatory to correctly interpret long- 
term antiarrhythmic efficacy. The time interval that is 
most cost-effective without serious jeopardy to patients 
is presently unknown. Preliminary data of this study 
and others suggest that there is practical merit to per- 
forming such examinations every 12 months.!223 Al- 
though the present study was not designed to assess the 
cost-benefit realities of long-term antiarrhythmic thera- 
py, it nonetheless calls attention to the resources needed 
to correctly assess and interpret such therapy. These 
practical considerations must be kept in mind by clini- 
cians using long-term antiarrhythmic therapy. 
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Argon Laser Ablation of Malignant Ventricular 
Tachycardia Associated with Coronary Artery 
Disease 


Sanjeev Saksena, MD, Isaac Gielchinsky, MD, and Nicholas G. Tullo, MD 


The long-term clinical efficacy and safety of intra- 


operative mapping-guided argon laser ablation 
alone or in conjunction with standard surgical 
methods were assessed in 20 consecutive patients 
with refractory sustained ventricular tachycardia 
(VT) or ventricular fibrillation. A 15-W argon ion 
gas laser was used and pulsed laser energy was 
delivered through a fiberoptic catheter delivery 
system. Pre- and intraoperative mapping was used 
to localize the arrhythmogenic tissue. Postoperative 
clinical, ambulatory electrocardiographic and elec- 
trophysiologic evaluations were performed before 
discharge and at 1 year of follow-up. Thirty-eight 
VT morphologies were mapped and ablated with 
laser energy alone (82%), combined laser ablation 
and mechanical resection (13%) or mechanical re- 
section alone (5%). Concomitant coronary artery 
bypass surgery was performed in 15 patients and 
in 1 patient it was performed with mitral value re- 
placement. Postoperative 30-day mortality was 
5%. One patient (5%) required postoperative anti- 
arrhythmic drug therapy, and all survivors had sup- 
pression of inducible sustained VT at discharge. 
Mean left ventricular ejection fraction increased 
from 34 + 12% preoperatively to 41 + 13% post- 
operatively (p = 0.001). Efficacy rates for ablation 
of VT sites associated with anterior myocardial in- 
farction and inferior or posterior myocardial infarc- 
tion were comparable (100 vs 96%, respectively, p 
>0.2). At 1-year follow-up no sudden deaths had 
occurred and total survival rate was 90%. intra- 
operative pulsed argon laser ablation alone or in 
conjunction with standard surgical techniques im- 
proves the efficacy of surgical ablation procedures 
for VT or ventricular fibrillation and reduces the 
need for additional postoperative antiarrhythmic 
drug or device therapy. 

(Am J Cardiol 1989;64:1298-1304) 
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for the treatment of patients with refractory sus- 

tained ventricular tachycardia (VT) or ventricu- 
lar fibrillation (VF).'° Success rates for these proce- 
dures without adjunctive drug therapy have ranged 
from 43% for extensive resection procedures to 66% for 
limited guided ablation.*+° Since 1983, we have investi- 
gated the use of laser energy for myocardial ablation.*? 
In 1986, we reported the use of pulsed argon laser ener- 
gy delivered through a fiberoptic catheter delivery sys- 
tem for ventricular endocardial ablation in a patient 
with refractory sustained VT, and subsequently an early 
experience with this new method.?!° We are also inter- 
ested in the potential use of this energy with cardiac 
catheters, which could permit development of a percuta- 
neous technique. We now detail our long-term clinical 
experience with the intraoperative technique and our 
initial results in 20 consecutive patients with recurrent 
sustained VT or VF. We also analyze issues for develop- 
ment of a percutaneous catheter technique. 


S everal surgical procedures have been advocated 


METHODS 

Patient selection: Patients fulfilled the following se- 
lection criteria: presence of recurrent and sustained VT 
refractory to conventional antiarrhythmic agents (for 
purposes of this study, “recurrent” was defined as >3 
spontaneous episodes, “sustained” as a tachycardia that 
lasted >30 seconds or required earlier electrical termi- 
nation for hemodynamic compromise, and “refractory” 
as either recurrence of spontaneous or inducible tachy- 
cardia with maximally tolerated drug doses or intoler- 
ance to the antiarrhythmic drug); prior cardiac cathe- 
terization and angiocardiography to define cardiac 
anatomy and function; reproducible induction and map- 
ping of monomorphic sustained VT with programmed 
electrical stimulation; and written informed consent for 
the laser ablation technique, in addition to standard sur- 
gical and electrophysiologic procedure consents. 

Laser energy delivery system: A prototype 15-W, 
220-volt, water-cooled argon ion gas laser (Trimedyne 
Inc., Optilase System) was used. The laser beam was 
focused by an optical mirror and prism system into an 
optical coupler. A sterile 300-4 quartz optical fiber was 
introduced by the surgeon into a 5Fr Cordis bypass 
graft (Cordis Corp.) catheter through a locking connec- 
tor and advanced till the fiber tip was visible at the dis- 
tal end of the catheter. The laser fiber was then locked 
in place with the connector. The laser fiber was at- 
tached to the optical coupler and the laser was adjusted 
to obtain maximal power generation (12 to 15 W). La- 


ser fiber output was measured using an external power 
meter (Coherent Instruments) and exceeded 70% of in- 
put energy in all procedures. High power (>8 W) 
pulsed laser discharges were used for ventriculotomy 
and ventricular endocardial ablation in patients with 
VT. Pulsing was achieved by interrupted laser emission 
using a mechanical deflecting mirror system. Pulse du- 
rations were 1 second, with 0.5 second between pulses. 
The laser ablation protocol was approved by the Institu- 
tional Review Board of Newark Beth Israel Medical 
Center. Approval of an Investigational Device Exemp- 
tion application (IDE G850238/S1) was obtained from 
the US Food and Drug Administration. 

Electrophysiologic studies and laser surgical pro- 
cedure: PREOPERATIVE EVALUATION: Electrophysiologic 
studies were performed using standard catheter tech- 
niques and programmed electrical stimulation proto- 
cols.!° Reproducible initiation of VT with programmed 
electrical stimulation was demonstrated. Serial drug 
testing using conventional electrophysiologic methods 
was undertaken. In drug-refractory patients, surgical 
consultation was obtained for intraoperative laser abla- 
tion with or without coronary artery bypass surgery. 
Preoperative catheter endocardial mapping was per- 
formed according to previously described methods.’ 
Eight to 16 endocardial sites were mapped in each ven- 
tricle during induced VT. Each endocardial mapping 
site was fluoroscopically recorded in 2 perpendicular 
planes on videotape. 

INTRAOPERATIVE TECHNIQUES: After median sternot- 
omy and adequate cardiac exposure, cardiac mapping 
was performed to localize the site of VT origin. Ventric- 
ular electrograms were recorded at 50 to 72 epicardial 
sites on both ventricles using 2 plaque electrodes. 
Epicardial mapping was initially performed in sinus 
rhythm. VT was then induced using programmed elec- 
trical stimulation and if the patient showed hemody- 
namic compromise during VT, partial cardiopulmonary 
bypass was initiated. Epicardial mapping was then com- 
pleted; then a laser ventriculotomy was attempted in the 
vicinity of the early sites of epicardial activation, prefer- 
ably through a site of prior myocardial infarction or left 
ventricular aneurysm. High power pulsed discharges 
were delivered with the laser fiber tip 0.5 to 1 cm from 
the epicardial ventricular surface. A linear incision was 
gradually extended transmurally. Areas of calcification 
were avoided or incised with heavy scissors or a scalpel. 
The ventriculotomy was extended until adequate endo- 
cardial exposure was obtained for mapping. VT was re- 
induced if it had terminated during this procedure. En- 
docardial mapping was then performed using a ribbon 
plaque electrode. Ventricular electrograms were record- 
ed at 24 to 36 endocardial sites along the margins of the 
incision at a 1, 2 or 3 cm distance. The details of this 
procedure have been previously described.'° If more 
than 1 VT morphologic pattern was induced, endocardi- 
al mapping was repeated for each pattern to localize the 
site of VT origin. The site of origin was defined as the 
presence of presystolic electrical activity preceding the 
surface QRS complex in VT in all 3 scalar planes by 40 





ms and occurring in the latter half of the RR interval. 
Laser endocardial ablation of the presystolic sites of en- 
docardial activation was then performed preferably dur- 
ing induced VT using pulsed laser discharges with pow- 
ers of 8 to 13W (Figures 1 and 2). Ten to 20 laser 
discharges were delivered at 1 location until all visible 
endocardial scar at that location was vaporized or the 
tachycardia terminated. A series of adjoining lesions 
was executed until the entire region was ablated. The 
size of the ablated area was measured. Programmed 
electrical stimulation was repeated if more than 1 VT 
morphology pattern was induced. The additional pat- 
tern was mapped and presystolic activity located. The 
laser endocardial ablation procedure was repeated. If 
diffuse ablation of the presystolic endocardial site, e.g., 
papillary muscle, was not feasible, the area was encir- 
cled and ablated with an array of continuous lesions. 
After completion of endocardial ablation, the ventricu- 
lotomy was repaired and coronary artery revasculariza- 
tion procedures were completed. 

POSTOPERATIVE EVALUATION: All patients underwent 
postoperative hemodynamic monitoring and creatinine 
kinase isoenzyme concentration determinations for at 
least 72 hours. Daily 12-lead electrocardiographic re- 
cordings and 24-hour continuous telemetric electrocar- 
diographic monitoring were performed for 7 to 10 days. 
A radionuclide ventriculogram, 2-dimensional echocar- 
diogram and a 24-hour ambulatory electrocardiogram 
were recorded in the second postoperative week. Spon- 
taneous arrhythmia recurrences were recorded. Electro- 
physiologic studies were repeated 7 to 10 days after 
the surgical procedures. Patients without inducible 
sustained VT were discharged without antiarrhythmic 
therapy. Patients with inducible sustained VT under- 
went serial drug testing procedures as previously de- 
scribed. Serial outpatient clinical evaluations included a 
12-lead electrocardiogram at rest and a periodic 





gso. j age 
FIGURE 1. Pulsed argon laser endocardial ablation in 
progress during induced ventricular tachycardia in a patient 
with incessant ventricular tachycardia. Endocardial ablation is 
performed at the mapped site of tachycardia maintenance 
after exposure through a ventriculotomy. The laser beam 
delivered through the laser catheter assembly is directed at 
this site until the desired energy density is achieved. 
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TABLE I Patient Characteristics and Surgical Procedures Performed 
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+ = performed; 0 = not performed; LVEF = left ventricular ejection fraction. 


24-hour ambulatory electrocardiogram during the first 
year. 


RESULTS 

Preoperative status: Twenty patients fulfilled the 
selection criteria (Table I). There were 17 men and 3 
women with a mean age of 61 + 8 (standard deviation) 
years. All patients had refractory sustained VT and cor- 
onary artery disease. Eight patients had 1-vessel disease, 
4 had 2-vessel disease, 7 had 3-vessel disease and 1 had 
left main coronary stenosis with 3-vessel disease. All pa- 
tients had had at least 1 prior myocardial infarction 
(anterior in 13, inferior in 9 and posterior in 1), and 16 
patients had a left ventricular aneurysm. Left ventricu- 
lar ejection fraction ranged from 11 to 65% (mean 34 + 
12) and cardiac index ranged from 2.0 to 4.7 liters/ 
min/m? (mean 2.9 + 0.6). Eleven patients had experi- 
enced prior cardiac arrests, 8 had syncope, 4 had palpi- 
tations and 2 developed VT during exercise. Five pa- 
tients had more than | presenting symptom. 
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Intraoperative observations: Figure 3 shows the 
mapped sites of VT origin in these patients. Thirty-eight 
VT morphologies were mapped (mean 1.9/patient). 
The majority of VT sites were located in the septum, 
inferior and posterior left ventricle in this patient sam- 
ple. Table I lists the individual surgical procedures per- 
formed in each patient. Thirty-one VT morphologies 
were ablated with laser energy alone, 5 VT morpholo- 
gies with combined laser ablation and mechanical endo- 
cardial resection, and 2 VT morphologies with mechani- 
cal resection alone. The area of laser ablation varied 
from 2 to 24 cm? (mean 9 + 6) and the mean energy 
density ranged from 101 to 642 J/cm? (mean 312 + 
125). Concomitant coronary artery bypass surgery was 
performed in 16 patients with partial aneurysmectomy 
performed in patients with a left ventricular aneurysm. 
Coronary artery bypass surgery and mitral valve re- 
placement for preoperatively severe mitral regurgitation 
was performed concomitantly with laser ablation in pa- 
tient no. 11. 





Postoperative observations: Postoperative studies 
showed a mean maximal creatine kinase of 1,080 + 556 
U with a mean creatine kinase-MB isoenzyme concen- 
tration of 73 + 80 U. Comparison of pre- and postoper- 
ative electrocardiogram parameters showed an increase 
in mean QRS duration (from 108 + 25 to 123 + 31 ms, 
p <0.02). There was no significant change in the PR 
interval (from 176 + 27 to 166 + 33 ms, p >0.2), QTc 
interval (from 432 + 43 to 461 + 61 ms, p >0.2) or 
development of new Q waves. The mean RR interval 
returned to preoperative values at 3 months of follow- 
up. Permanent new intraventricular conduction defects 
were not observed in 12 patients. Three patients devel- 
oped a new left bundle branch block and 3 patients de- 
veloped a nonspecific intraventricular conduction delay 
postoperatively. Comparison of pre- and postoperative 
hemodynamic indexes showed a minimal increase in 
mean pulmonary capillary wedge or pulmonary artery 
diastolic pressure (from 12 + 5 to 14 + 4 mm Hg, p 
<0.05). Radionuclide mean left ventricular ejection 
fraction increased from 34 + 12 preoperatively to 41 + 
13% postoperatively (p = 0.001). 

Clinical outcome: There was no spontaneous recur- 
rence of sustained VT/VF in 19 patients in the peri- 
operative period. Seventeen patients were in New York 
Heart Association functional class II and 2 patients 
were in functional class III for dyspnea. One patient 
died in the fourth postoperative week of sepsis without 


any recurrence of spontaneous VT. Patient no. 5 had 
incessant, sustained, drug-refractory VT preoperatively 
and was in sustained VT at the start of surgery. He 
remained initially in sinus rhythm postoperatively. In 
the second postoperative week he had 1 spontaneous re- 
currence of sustained VT with a similar morphology to 
the preoperative VT. This arrhythmia was terminated 
with intravenous procainamide. Oral procainamide was 
effective in long-term suppression of this VT. Several 
months later, this patient developed drug-induced lupus 
erythematosus and was given encainide, which sup- 
pressed spontaneous VT but also produced second-de- 
gree atrioventricular block requiring permanent pacing. 
One patient died in the second month of follow-up from 
gastrointestinal bleeding and liver failure without ar- 
rhythmia recurrence. The total duration of follow-up in 
these patients ranged from 1 to 29 months (mean 14 + 
8). Seventeen of the 20 patients had surgery at least 12 
months before this report. During the initial 12 months 
complete follow-up was obtained in all patients and 
there was no recurrence of sustained VT/VF or sudden 
death. One patient was withdrawn from follow-up by 
his private physician and reportedly died from myocar- 
dial infarction in the second year of follow-up. Figure 4 
is an analysis of arrhythmia and total survival in this 
patient group using the Kaplan-Meier life table method. 
The patient lost to follow-up is shown in the total sur- 
vival only. Only 1 patient is receiving antiarrhythmic 
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FIGURE 2. Effect of pulsed argon laser ablation on sustained ventricular tachycardia in the patient in Figure 1. Note the 


slowing of the tachycardia, which terminates after 50 seconds and was 


progressive 
AV = atrioventricular; CL = cycle length. 
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drug therapy postoperatively. At the time of this report, 
17 patients continue to be free of clinical events or re- 
current sustained VT or VF; 16 are not receiving antiar- 
rhythmic therapy. Two patients (nos. 4 and 9) have 
been hospitalized for congestive heart failure, which was 
also present preoperatively and resolved with medical 
therapy. 

Effect on induced tachycardia: All patients had in- 
ducible sustained VT or VF preoperatively. Eighteen 
patients had postoperative electrophysiologic studies 7 
to 14 days after surgery; none had inducible sustained 
VT or VF. Seventeen of these patients were not receiv- 
ing antiarrhythmic drug therapy and 1 patient was tak- 
ing procainamide at the time of postoperative electro- 
physiologic study. Eight of 17 patients completing 1 
year of follow-up consented to repeat electrophysiologic 
study. No patient had inducible sustained VT or VF at 
this study. 

Holter monitoring: Serial 24-hour ambulatory elec- 
trocardiographic monitoring performed before hospital 
discharge showed frequent simple ventricular ectopic 
activity in 9 patients, ventricular couplets in 8 and non- 
sustained VT in 5. After 4 to 40 weeks 11 patients still 
had frequent ventricular ectopic activity, 12 had ven- 
tricular couplets and 4 had nonsustained VT. One pa- 
tient with nonsustained VT refused electrophysiologic 
study at 1 year and was withdrawn from follow-up. He 
died of myocardial infarction 4 months later. 


DISCUSSION 
Nonpharmacologic techniques are being increasingly 
used to manage patients with malignant, drug-refracto- 





FIGURE 3. Sites of ventricular tachycardia origin determined 
by cardiac mapping. All sites were left ventricular and endo- 
cardial in location. The schematic diagram shows the left ven- 
tricle opened along the anterior interventricular groove. The 
majority of sites are located in the septum, inferior and 
posterior endocardium. 
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ry VT. Early attempts at visually guided or empirical 
surgical resection, alone or in conjunction with coronary 
artery bypass surgery, were marked by unpredictable 
success rates and a high incidence of failure.!!! Exten- 
sive endocardial exclusion procedures were complicated 
by extensive left ventricular damage and postoperative 
left ventricular dysfunction in these previously compro- 
mised patients. Mapping-guided subendocardial re- 
section—in which identification of the culprit tissue and 
ablation limited to this area are undertaken—has been 
performed.*:!? Long-term results and prediction of suc- 
cess and failure during this procedure are now avail- 
able. The perioperative mortality rate has ranged from 
12 to 15% in large series.*!3 The arrhythmia recurrence 
rate has been 16% during a mean follow-up of 27 
months in 1 multicenter series. Sudden death rates have 
ranged from 4 to 5%.!3:!4 While a significant proportion 
of patients are cured by subendocardial resection alone 
(66 and 64%, respectively, in studies by Miller® and 
us!*), 25 to 28% require additional antiarrhythmic ther- 
apy for VT control. Factors predicting failure of the 
technique have been identified.6!4 They include inferior 
and posterior left ventricular sites of VT origin, multiple 
induced VT morphologies, disparate sites of VT origin, 
absence of a discrete left ventricular aneurysm and a 
right bundle branch block VT morphology. The com- 
mon denominators underlying failure include an inabili- 
ty to map all potential VT sites or effectively ablate 


z 
= 
S 
œ 
D 
N 
aL 


10 15 
MONTHS 


—2-8—0 Arrhythmic Survival 


+-+-+ Freedom from Arrhythmia Recurrence 
(No Therapy) 
Total Survival 


FIGURE 4. Life table analysis of clinical outcome of study 
degree of arrhythmia control and survival in the study 
population. One patient was lost to follow-up and the 
cause of death was myocardial infarction. This death is 
only shown in the total survival data. 


these sites particularly in inferior, posterior and septal 
regions. The intraoperative argon laser ablation tech- 
nique described in this report compares favorably with 
subendocardial resection. Postoperative 30-day mortali- 
ty (5%) is comparable if not lower than our and other 
previously reported experience with map-guided suben- 
docardial resection. The arrhythmic survival rate was 
100% at 1 year in the survivors with the initial VT re- 
currence in | patient well controlled by additional anti- 
arrhythmic therapy. The proportion of patients requir- 
ing no postoperative antiarrhythmic drug therapy is sig- 
nificantly greater with laser ablation (95 vs 64%, p 
<0.05) in comparison to our previous experience.!* Ar- 
rhythmic survival is comparable if not improved over 
our prior experience (100 vs 95% at 1 year). Total sur- 
vival at 1 year was 90 versus 87% with mechanical re- 
section (p >0.2). Our efficacy rates for inferior, septal 
and posterior sites of VT origin have been markedly im- 
proved by laser ablation (96 vs 55%, p <0.05). Since the 
largest proportion of patients have these sites of VT ori- 
gin,!> this procedure could extend the indications for 
surgical ablation to such patients and provide success 
rates comparable to anterior and lateral VT sites. Initial 
experience in this patient group would suggest that sev- 
eral predictors of failure with subendocardial resection 
can be addressed with this technique. Another major 
advantage of this technique is that the direct effect of 
the ablation energy on the target arrhythmia can be 
judged intraoperatively. Failure to achieve arrhythmia 
elimination can be identified. 

Borggrefe et al! reported the worst prognosis in 
patients with inferior myocardial infarction undergoing 
surgical resection—a 50% cardiac mortality at 12 
months. We report a markedly improved arrhythmic 
and total survival (100 and 90%, respectively) at 1 year. 
Alternative intraoperative approaches include the use of 
cryothermia for ablation. Cryosurgical methods have 
been used for ablation of atrioventricular conduction 
and VT foci.!3:!5!6 This technique requires prolonged 
intraoperative application (225 minutes) and extended 
cardiopulmonary bypass time and the full extent of its 
anatomic and electrophysiologic effects is difficult to 
define intraoperatively. Furthermore, the effects of this 
technique in diseased human ventricular myocardium 
have not been defined. Since most VT foci exist in these 
tissues, this promotes more extensive ablation efforts. 
The long-term survival with cryosurgical procedures for 
VT ablation in 1 large multicenter report was 62% at 1 
year and 55% at 2 years.'? This was inferior to all 
mechanical resection procedures.!? Finally, cryosurgery 
does not eliminate diseased tissues but converts normal 
tissue to dense scar, which may account for the left ven- 
tricular dysfunction reported in the clinical experience. 
In contrast, argon laser ablation is rapid with immedi- 
ately identifiable anatomic effects resulting in vaporiza- 
tion of diseased tissues, focal and precise electrophysio- 
logic effects!’ and little or no effect on left ventricular 
function. The functional status of our patients and the 
global left ventricular ejection fraction actually im- 
proved possibly due to revascularization and aneurys- 
mectomy. Prior studies have pointed out that poor left 


ventricular function postoperatively results in a dismal 
long-term survival in patients undergoing extensive di- 
rect mechanical or cryothermal ablation procedures.!® 
Excellent arrhythmia control is achieved. A similar ex- 
perience with respect to arrhythmia control but a higher 
perioperative mortality due to left ventricular dysfunc- 
tion has been reported with Nd-YAG laser photocoagu- 
lation without mapping.'? This may be related to the 
more extensive myocardial ablative effects during Nd- 
YAG photocoagulation. 

Comparison with other nonpharmacologic therapeu- 
tic options is warranted. Catheter direct current shock 
ablation has been reported to be completely clinically 
and electrophysiologically successful in 24% during a 
mean l-year follow-up.?? Reported failure rates are 
34% and major perioperative complications occur in 
20% with a perioperative mortality rate of 5% and sud- 
den death incidence of 10%. Intraoperative laser abla- 
tion compares favorably with this experience with a sig- 
nificantly higher complete success rate and improved 
major perioperative complication profile. Our data pro- 
vide an energy dose required for effective ablation with 
pulsed argon laser energy. Similar data are unavailable 
for direct current shocks in diseased human ventricle 
and may account for variable results. Laser ablation 
also provides the opportunity to treat concomitant car- 
diac disease, which would favorably affect long-term 
clinical survival. 

The implantable cardioverter defibrillator has been 
highly effective in preventing sudden death in patients 
with recurrent VT/VF. Perioperative mortality for de- 
vice implant has been variable (0 to 9% in different se- 
ries) with an average of 3 to 5%.?!-3 Major periopera- 
tive complications ranging up to 32% have been report- 
ed.2! This device does not prevent symptoms of the 
recurrent arrhythmias and may result in significant re- 
strictions in quality of life. Patient tolerance of frequent 
device activation is poor and there is limited physician 
acceptance in its present form. Incessant or frequent VT 
cannot be addressed by this technique. Fully two-thirds 
of patients still require additional antiarrhythmic drug 
therapy with its attendant risks and complications. Re- 
hospitalization for these problems has been frequent in 
our experience. Intraoperative laser ablation compares 
favorably with respect to perioperative nonfatal compli- 
cations although it might be expected to have minimally 
higher initial mortality rates. It has significant advan- 
tages with respect to long-term quality of life, rehospi- 
talization rates and elimination of additional antiar- 
rhythmic therapy during intermediate follow-up. Fur- 
thermore, concomitant corrective surgical procedures 
such as coronary artery bypass surgery have been shown 
to prolong survival independently in this subgroup of 
patients.24 This opportunity is lost with palliative thera- 
py offered by the automatic implantable cardioverter 
defibrillator. Should the 2 procedures (coronary artery 
bypass surgery and implantation of a defibrillator) be 
simultaneously undertaken, the perioperative mortality 
can be expected to be comparable to the present re- 
port.2> Our present findings suggest that improved laser 
surgical ablation techniques can obviate the need for de- 
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LASER ABLATION FOR VENTRICULAR TACHYCARDIA 


fibrillator implantation and postoperative antiarrhyth- 
mic drug therapy. Furthermore, with improved patient 
selection criteria, the laser ablation technique should 
continue to demonstrate improved safety. On the basis 
of our experience, this technique should be considered 
for patients with coronary artery disease, regional wall 
motion abnormalities and global left ventricular ejection 
fraction >20%. Incessant or frequent VT can be ad- 
dressed by this technique. Continued development of la- 
ser surgical techniques for intraoperative arrhythmia 
ablation is warranted by our experience. This may, in 
time, lead to the development of transcatheter laser ab- 
lation methods. Our demonstration of intraoperative 
tachycardia ablation in the normothermic heart in man 
coupled with the feasibility of transcatheter laser energy 
delivery provides a challenging and potentially attain- 
able goal for catheter ablation techniques. 
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Efficacy of Intravenous Propranolol 
for Suppression of Inducibility of Ventricular 
Tachyarrhythmias with Different 
Electrophysiologic Characteristics 
in Coronary Artery Disease 


Heikki V. Huikuri, MD, Marilyn Cox, MD, Alberto Interian, Jr, MD, Kenneth M. Kessler, MD, 
Frances Glicksman, MD, Agustin Castellanos, MD, and Robert J. Myerburg, MD 


The efficacy of intravenous propranolol for 
suppression of inducibility of sustained ventricular 
tachyarrhythmias (VT) was studied in 24 patients 
who had failed > 1 membrane-active antiarrhythmic 
drug (mean 2.2 + 1.2 drugs/patient). The response 
to propranolol was compared in 13 patients who 
had only stable monomorphic VTs inducible at 
baseline and another 11 patients who had 21 
episode of electrically unstable VTs (polymorphic 
VT, ventricular flutter or ventricular fibrillation) at 
baseline. Seven patients (29%) became noninduci- 
ble (responders) and 17 patients (71%) remained 
inducible to sustained VT (nonresponders) after 
propranolol. The basal heart rate was faster in 
responders than in nonresponders (101 + 14 vs 86 
+ 11 beats/min, p <0.01). The magnitude of heart 
rate reduction was also greater after propranolol in 
responders (from 101 + 14 to 80 + 9 beats/min, p 
<0.001) than in nonresponders (from 86 + 11 to 
74 + 9 beats/min, p <0.01) (p <0.05 between the 
groups), despite equal plasma propranolol concen- 
trations (84 + 50 vs 88 + 43 ng/ml, difference not 
significant). Seven of 11 patients (64%) who had 
>1 episode of unstable VTs inducible at baseline 
responded to intravenous propranolol, whereas 
none of the patients with only stable monomorphic 
VTs became noninducible after 8 blockade (p 
<0.001). Responders had shorter cycle length of 
inducible VTs than nonresponders (225 + 38 vs 
302 + 66 ms, p <0.001). Thus, intravenous 
propranolol appears to be efficacious in suppress- 
ing fast, electrically unstable VTs, compared to 
monomorphic VTs with slower rates. 

(Am J Cardiol 1989;64:1305-1309) 


From the Division of Cardiology, University of Miami Medical School, 
Miami, Florida. This study was supported in part by grant ROI-HL 
28130 from the National Institutes of Health and the National Heart, 
Lung, and Blood Institute, Bethesda, Maryland, research training grant 
HL-07436 from the National Heart, Lung, and Blood Institute 
(Dr. Cox) and grant IFOSTW04022-01 from Fogarty International 
(Dr. Huikuri). Manuscript received February 28, 1989; revised manu- 
script received July 25, 1989, and accepted July 27. 

Address for reprints: Heikki V. Huikuri, MD, Division of Cardiolo- 
gy, Department of Medicine, Oulu University Central Hospital, 90220 
Oulu, Finland. 


membrane-active antiarrhythmic drugs can sup- 

press ambient ventricular arrhythmias.!-° Beta- 
adrenergic blockade has also been observed to reduce 
mortality in patients after myocardial infarction, partly 
by reducing arrhythmic deaths.+° However, among 
patients with sustained ventricular tachyarrhythmias 
(VTs), propranolol has been observed to have only lim- 
ited efficacy for preventing inducible stable monomor- 
phic VTs.’-!° Little information is available about the 
efficacy of 6-blocking therapy in suppressing inducibil- 
ity of electrically unstable VTs such as ventricular flut- 
ter, polymorphic VT or ventricular fibrillation (VF), 
which may be mechanistically different from stable 
monomorphic VT. We compared the efficacy of intra- 
venous propranolol in patients with inducible unstable 
VTs versus patients with stable VTs. All patients had 
failed >1 membrane-active antiarrhythmic drug. 


P ropranolol alone or in combination with 


METHODS 

Patients: Patients undergoing clinically indicated 
electrophysiologic study and in whom sustained VT was 
inducible were candidates for this study of the efficacy 
of intravenous propranolol for suppression of inducibil- 
ity. All patients had failed >1 membrane-active antiar- 
rhythmic drug (mean 2.2 + 1.2) before propranolol ad- 
ministration. Patients having contraindications to 6-ad- 
renergic blocking therapy (uncontrolled heart failure, 
asthma, heart rate <50 beats/min or I to III degree 
atrioventricular block) were not included. The study 
population consisted of 24 patients (21 men and 3 wom- 
en, mean age + standard deviation 61 + 12 years). 
Fourteen patients had a clinical history of sustained VT, 
9 had survived out-of-hospital cardiac arrest and 1 had 
a history of syncope without documented arrhythmia 
(Table I). Coronary artery disease was the underlying 
heart disease in all patients. The patients provided in- 
formed consent for electrophysiologic studies. 

Electrophysiologic studies: Electrophysiologic stud- 
ies were carried out in the postabsorptive state with 
mild sedation using diazepam. Electrode catheters were 
introduced percutaneously via the femoral veins and po- 
sitioned in the right atrium, tricuspid valve area and the 
right ventricle. 

Intracardiac electrocardiograms, filtered at 30 to 
500 Hz, were displayed simultaneously with surface 
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PROPRANOLOL IN SUPPRESSION OF VENTRICULAR TACHYARRHYTHMIA 


TABLE I Clinical Data 


Pt No. Age (yrs), Sex Presentation 


Responders 

VT 
Cardiac arrest 
VT 
Cardiac arrest 
VT 
Cardiac arrest 
Cardiac arrest 


NOOO PWD 
Szrezzez 


O 


nresponders 


8 
9 


Cardiac arrest 
VT 

Cardiac arrest 
Cardiac arrest 
VT 

VT 

Cardiac arrest 
VT 

Syncope 
Cardiac arrest 
VT 


SEnzzTTeEr zzz 


OEE: 
zzz 


Prior MI LV Aneurysm EF (%) 


O+++4+ 004 
o.oo 0 0: 0:0 6 


t+t+t+t+eteee¢pOt+e+eet 
+#O0000+4++4+00+404004 4+ 


EF = ejection fraction; LV = left ventricular; MI = myocardial infarction; VT = ventricular tachycardia; + = present; 0 = absent. 





electrocardiographic leads I, II and V;. Signals were re- 
corded at a paper speed of 100 mm/s, using a Gould 
multichannel paper recorder. A custom-designed pro- 
grammable stimulator (Bloom Associates), which pro- 
vides square pulses 2 ms in duration with variable cur- 
rent strength, was used. Pacing impulses were delivered 
at twice diastolic threshold. 

After measurement of baseline conduction intervals 
and completion of the atrial pacing protocol, we began 
the ventricular pacing protocol. The ventricular stimula- 


Responders 


HR (Beats/min.) 


Baseline After 
Propranolol 


Baseline 
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tion protocol consisted of incremental ventricular pacing 
and programmed ventricular stimulation by delivering 
single, double and triple extrastimuli, during up to 2 
basic drive cycle lengths (400 and 600 ms), from <2 
right ventricular pacing sites. The endpoints of the stim- 
ulation protocol were: reproducible induction of sus- 
tained VT within 1 study or induction of ventricular fi- 
brillation. Stimulation was not routinely repeated for 
reinduction of unstable VT. The pacing protocol has 
been previously described in detail.!! 


Non -responders 


FIGURE 1. Changes in heart rate (HR) 
before and after intravenous propranolol 
in responders and nonresponders to 8 
blockade. 


After 


Propranolol 


Definitions: The definitions of terms are listed in Ta- 
ble II. Based on these definitions, clinical, electrophysio- 
logic and hemodynamic effects of intravenous proprano- 
lol were compared in responders and nonresponders. 

Intravenous propranolol: [ntravenous propranolol 
was given in boluses of 1 mg/3 minutes until a 15% 
reduction of basal heart rate was achieved. The dose of 
propranolol was not increased above 0.02 mg/kg, even 
if 15% reduction of heart rate was not achieved. Three 
patients were receiving oral membrane-active antiar- 
rhythmic therapy at the time of propranolol administra- 
tion, and 7 patients were tested after failing intravenous 
procainamide; all others were studied in the drug-free 
state (24 half-lives after the last dose of antiarrhythmic 
drug). 

Blood samples for serum propranolol concentrations 
were taken at the time of inducibility, or at the end of 
stimulation protocol in patients who became noninduci- 
ble after propranolol. Serum concentrations were as- 
sayed using a high-performance liquid chromatography 
method. 

Statistics: The paired ¢ test was used for comparison 
of hemodynamic and electrophysiologic data before and 
after propranolol administration. Unpaired £ test and 
chi-square test or Fisher exact text were used for com- 
paring data between the groups. 


RESULTS 

Six patients became noninducible and 1 patient had 
only nonsustained VT inducible after propranolol ad- 
ministration (29% efficacy) (responders). Seventeen pa- 
tients (71%) remained inducible to sustained VT after 
intravenous propranolol (nonresponders). 

The individual clinical characteristics of responders 
and nonresponders are listed in Table I. Nonresponders 
more commonly had a history of prior myocardial in- 
farction (16 of 17 vs 4 of 7, p = 0.06), and left ventricu- 
lar aneurysm was found in 7 of 18 nonresponders versus 
no responders (p <0.05). No significant differences 
were detected in age, ejection fraction (42 + 13 in re- 
sponders vs 33 + 11% in nonresponders) or clinical pre- 





FIGURE 2. Proportions of responders and 
nonresponders of patients with unstable or 
stable ventricular tachyarrhythmias (VTs), 
or both, induced at baseline. 


Percentage of Patients 


TABLE Ill Definitions of Terms 





Form of tachyarrhythmia 
Monomorphic VT = absence of detectable changes between QRS 
complexes on 3 surface leads 
Polymorphic VT = change in QRS morphology during < 5 
consecutive beats 
Ventricular flutter = sinusoidal QRS morphology on surface 
electrocardiographic leads 
Ventricular fibrillation = irregular pattern in the absence 
of repetitive QRS complexes in any of the electrocardiographic 
leads 
Stability 
Electrically stable VT = monomorphic VT 
Electrically unstable VT = polymorphic VT, ventricular flutter 
or ventricular fibrillation 
Hemodynamically stable VT = no loss of consciousness during VT 
Hemodynamically unstable VT = hemodynamic collapse with loss of 
consciousness during VT 
Response to intravenous propranolol 
Complete response = < 6 consecutive beats inducible 
Partial response = nonsustained VT (> 6 beats in 30 seconds) 
inducible 
No response = sustained VT inducible 


VT = ventricular tachycardia. 


sentation, although 4 of 7 responders (57%) versus 5 of 
17 nonresponders (29%) had cardiac arrest at clinical 
presentation (p = 0.02). 

Hemodynamic data before and after intravenous 
propranolol: The blood pressure decreased from 139 + 
14/89 + 8 to 126 + 14/83 + 7 mm Hg in responders 
(p <0.01) and from 131 + 15/90 + 8 to 121 + 14/84 
+ 7 mm Hg in nonresponders (p <0.001) after intrave- 
nous propranolol. The magnitude of blood pressure re- 
duction was not significantly different between the 
groups. The basal heart rate was faster in responders 
(101 + 14 beats/min) than in nonresponders (86 + 11 
beats/min) (p <0.01 between the groups) (Figure 1). 
The magnitude of heart rate reduction after propranolol 
was greater in responders (from 101 + 14 to 80 + 9 
beats/min, p <0.001) than in nonresponders (from 86 
+ 11 to 74 + 9 beats/min) (p <0.05 between the 
groups). The dose of propranolol (9 + 3 mg in respond- 
ers and 9 + 3 mg in nonresponders) and the propranolol 


E Response to Propranolol 
N No response to Propranolol 





Unstable 
VTs Only 
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Unstable + 
Stable VTs 
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PROPRANOLOL IN SUPPRESSION OF VENTRICULAR TACHYARRHYTHMIA 


TABLE Ill Electrophysiologic Characteristics of Induced Ventricular Tachycardias Before and After Intravenous Propranolol 


Before Propranolol 


Mode of Characteristics of VTs Mode of 
Termination Induction Form 


Induction Form VT-CL (ms) 


Vfl x 2 

UMVT X 2: VF 
Vfl x 2 

PMVT; UMVT 
Vfl-VF; Vfl 
PMVT-VF x 2 
Vfl-VF 


Vfl X 2 
UMVT X 2 
UMVT X 2 
UMVT X 2 
UMVT x 2 
UMVT x 2 
Vfl 

UMVT X 2 
PMVT 
UMVT X 2 
UMVT X 2 
UMVT X 2 
UMVT; Vfl 
UMVT X 2 
UMVT X 2 
UMVT X 2 
UMVT X 2 


* after intravenous procainamide; t on oral disopyramide; + on oral flecainide. 


After Propranolol 
Mode of Characteristics of VTs Mode of 
VT-CL (ms) Termination 


g 
O 


p 
p 

P 

P 

P 
DC 
DC 
DC 
PX 


N 


UU UT © a Gs 
© 


DC = defibrillation; IVP = incremental ventricular pacing: NI = noninducible; P = overdrive ventricular pacing; PMVT = polymorphic ventricular tachycardia; Spont = spontaneous; 
S-2 = single extrastimulus; S-3 = double extrastimuli; S-4 = triple extrastimuli; UMVT = uniform ventricular tachycardia; VF = ventricular fibrillation; Vfl = ventricular flutter: VT = ven- 


tricular tachycardia. 


plasma concentrations (84 + 50 ng/ml in responders 
and 88 + 43 ng/ml in nonresponders) did not differ 
between the groups. 

Electrophysiologic features of induced ventricular 
tachyarrhythmias: The mode of induction, electrophysi- 
ologic features and mode of termination of VTs before 
and after propranolol are listed in Table III. Ten of 13 
VTs (77%) induced at baseline in responders were elec- 
trically unstable. All 3 stable VTs in responders were 
induced in patients receiving membrane-active antiar- 
rhythmic drugs. In 1 patient receiving flecainide, the 
VT induced before oral flecainide in an earlier electro- 
physiologic study had been electrically unstable; in an- 
other patient the VT became stable after intravenous 
procainamide. Twenty-seven of 32 VTs (84%) in nonre- 
sponders were stable monomorphic VTs at baseline. 
Electrically unstable VTs only were inducible in 5 of 7 
patients (71%) at baseline in responders, whereas 3 of 
17 nonresponders (18%) had only unstable VTs induci- 
ble at baseline (p <0.05 between the groups) (Figure 
2). None of the patients who had only stable monomor- 
phic VT induced at baseline responded to propranolol. 
The VT cycle length at baseline was significantly 
shorter in responders than in nonresponders (225 + 38 
vs 302 + 66 ms, p <0.001). 

In 6 patients who responded to intravenous propran- 
olol, oral propranolol was started. One patient devel- 
oped congestive heart failure while receiving oral pro- 
pranolol. Five patients underwent a repeat electrophysi- 


1308 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 





Ologic study; 4 of them remained noninducible while 
receiving propranolol therapy and were subsequently 
discharged from the hospital receiving oral propranolol. 
During a mean follow-up of 34 + 14 months, no recur- 
rences of VT or sudden death have occurred in these 
patients. 


DISCUSSION 

Intravenous propranolol suppressed inducibility of 
sustained VT in 29% of patients in this study. This is a 
higher proportion than the efficacy rate reported in pre- 
vious studies,’~!° primarily because earlier studies have 
been derived from patient populations with stable 
monomorphic VTs, which do not appear to respond ef- 
fectively to 6 blockade. Our patient population consisted 
of patients who had failed >1 membrane-active antiar- 
rhythmic drug, and some of the patients were tested 
while receiving a combination of propranolol and a 
membrane-active drug. The efficacy rate might have 
been different in an unselected group of patients with a 
history of malignant ventricular arrhythmia and induci- 
ble VT. 

The mechanism of action of 6-adrenergic blocking 
drugs for suppression of ventricular arrhythmias has 
been suggested to be due primarily to their 6-receptor- 
blocking properties, although high propranolol concen- 
trations have shown to have membrane-stabilizing prop- 
erties as well.':2'? The basal heart rate was higher in 
responders than in nonresponders in this study. This is 


consistent with findings from a previous study, in which 
a higher proportion of sinus tachycardia was detected in 
responders than in nonresponders to propranolol.* These 
data suggest that high sympathetic activity reflected by 
sinus tachycardia may be a contributing factor to induc- 
ibility of VTs in some patients. Sinus tachycardia may 
also precipitate myocardial ischemia, which may be 
clinically silent during the course of an electrophysiolog- 
ic study.!> Thus, it is possible that the mechanism of 
antiarrhythmic efficacy of propranolol in the present 
patient group might at least partly have been due to the 
decrease of high sympathetic activity, abolition of myo- 
cardial ischemia, or both. 

The decrease of heart rate was greater in magnitude 
in responders than in nonresponders despite equal plas- 
ma propranolol concentrations. Interestingly, a previous 
analysis of 8-blocker trials revealed that the decrease of 
mortality after myocardial infarction is directly propor- 
tional to the magnitude of heart rate reduction after 6- 
blocker therapy.!4 

The majority of induced VTs at baseline study were 
electrically and hemodynamically unstable among re- 
sponders to intravenous propranolol. Five of these VTs 
degenerated to ventricular fibrillation. Experimental 
studies have shown 8 blockers to increase the ventricu- 
lar fibrillation threshold.!$ Ryden et al! showed that 
metoprolol can reduce the incidence of ventricular fi- 
brillation but not ventricular ectopy or incidence of VT 
in the setting of acute myocardial infarction. Spontane- 
ous arrhythmias may have a different mode of initiation 
than induced VTs. However, it is possible that the 
mechanism of 6-blocking therapy in preventing arrhyth- 
mic deaths may be due to their efficacy in suppressing 
initiation or perpetuation of fast, unstable VTs related 
to myocardial ischemia, high sympathetic activity, or 
both. 

The mechanism of initiation of, and underlying sub- 
strate for, stable monomorphic VTs may be different 
from electrically unstable VTs. Monomorphic VTs are 
thought to be due to reentry, and their initiation is criti- 
cally dependent on exact timing of extrastimulus pene- 
trating into the definite reentry circuit.'’ The initiation 
of stable monomorphic VTs may not be critically de- 
pendent on autonomic influences or the presence of 
myocardial ischemia. 

The dose and serum concentrations of propranolol 
were relatively low. Higher doses were not used because 
of the potential to precipitate congestive heart failure in 
patients with depressed left ventricular function. There- 
fore, complete pharmacologic blockade may not have 
been achieved in all patients and higher doses might 
have resulted in a greater proportion of responders to 
propranolol. High propranolol concentrations can result 
in additional antiarrhythmic efficacy of propranolol in 
some patients.!® 

Ventricular fibrillation and polymorphic VTs may 
be nonspecific responses to an aggressive stimulation 
protocol,!8 preventing the drawing of definite conclu- 
sions about the clinical significance of present findings. 





However, 5 of 8 responders in this study had survived 
cardiac arrest, a setting in which induced unstable VT 
may be a specific response.!? Adhar et al?° showed that 
patients presenting with sustained well-tolerated tachy- 
cardia and survivors of cardiac arrest are clinically dis- 
tinct groups, and that polymorphic VT induced during 
programmed electrical stimulation in survivors of cardi- 
ac arrest may indicate an unstable tachycardia mecha- 
nism. The present data provide additional information 
about potentially protective mechanisms of 6 blockers in 
preventing unstable VTs and arrhythmic deaths. 
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for Termination of Paroxysmal 
Junctional Tachycardia 
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The effects of intravenous adenosine and intra- 
venous verapamil on paroxysmal junctional tachy- 
cardia were compared in 20 patients undergoing 
invasive cardiac electrophysiologic study. In 13 
patients the diagnosis was of a reentrant tachycar- 
dia using an extranodal accessory connection 
(atrioventricular [AV] reentrant tachycardia); 5 of 
these patients had overt preexcitation in sinus 
rhythm, 4 had concealed accessory connections 
and 4 had latent or intermittent preexcitation. In 7 
patients the diagnosis was of an AV nodal reen- 
trant tachycardia. Administration of adenosine 
resulted in termination of tachycardia in all 20 
patients at a mean dose of 0.125 mg/kg (range 
0.05 to 0.20). Although termination of tachycardia 
was frequently accompanied by atrial and ventricu- 
lar premature complexes, no significant arrhyth- 
mias were observed after conversion. Administra- 
tion of verapamil (0.145 mg/kg) resulted in termi- 
nation of tachycardia in 19 of 20 patients but was 
followed by symptomatic arrhythmias in 2: preex- 
cited atrial flutter in 1 patient and preexcited atrial 
tachycardia in another. Latent or intermittent 
preexcitation was unmasked in 4 of 4 patients 
immediately after termination of tachycardia by 
adenosine. Termination of tachycardia by verapa- 
mil revealed preexcitation in only 1 of these 4 
patients. Analysis of results in terms of successful 
termination of tachycardia, absence of significant 
arrhythmias after conversion and unmasking of 
latent or intermittent preexcitation reveals that 
adenosine therapy was satisfactory in all 20 
patients, whereas verapamil was satisfactory in 
only 14 of the 20 patients (p <0.05). All 6 of the 
patients with unsatisfactory responses to verapamil 
had AV reentrant tachycardia. These results 
suggest that adenosine has particular advantages 
over verapamil as acute treatment for patients 
presenting with an AV reentrant tachycardia. 

(Am J Cardiol 1989;64:1310-1316) 
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medical emergency and forms the great majority 

of cases of regular, narrow-complex tachycardia 
presenting to emergency departments. Physical methods 
of termination, when correctly applied, are successful in 
approximately 50% of patients.' In the remaining pa- 
tients pharmacologic means of termination are usually 
attempted. Since the early 1970s intravenous verapamil 
has been considered the drug of choice in this setting.” 
Recently several groups have demonstrated the efficacy 
and safety of adenosine in the acute management of 
junctional tachycardias?” and it has been advocated as 
a drug of first choice. Adenosine is highly effective in 
blocking atrioventricular (AV) nodal conduction and 
has the advantage of a short half-life (<10 seconds), 
allowing it to be used safely in patients with poor left 
ventricular function.’ The use of intravenous adenosine 
is associated with transient symptoms, such as flushing 
or dyspnea, which are generally mild. 

Latent preexcitation exists when an accessory con- 
nection is capable of anterograde conduction but preex- 
citation is not evident in sinus rhythm because the con- 
duction time from the sinus node to the ventricle over 
the normal AV nodal route is shorter than that over the 
extranodal accessory connection. This situation is par- 
ticularly likely to arise in patients with left lateral path- 
ways because of their relatively long distance from the 
sinus node.’ These patients are not exempt from very 
rapid ventricular rates or even ventricular fibrillation 
should atrial fibrillation occur.!° There have been isolat- 
ed reports of the ability of AV nodal blocking agents to 
reveal preexcitation in this group of patients* but no for- 
mal study of this diagnostic role has been reported. 
We compared the efficacy and safety of adenosine and 
verapamil in a group of 20 patients with electrically in- 
ducible junctional tachycardia, in terms of successful 
termination of tachycardia, absence of significant ar- 
rhythmias after conversion and unmasking of latent or 
intermittent preexcitation. 


P aroxysmal junctional tachycardia is a common 


METHODS 

Study patients: All patients with a history of docu- 
mented, recurrent, sustained paroxysmal junctional 
tachycardia referred for electrophysiologic study were 
considered. All drugs were stopped >72 hours before 
admission (amiodarone had been stopped >3 months). 
Diagnostic electrophysiologic studies were performed 
with the patients in the fasting, nonsedated state after 
informed consent had been obtained. Four 6Fr multi- 


TABLE I Effects of Adenosine and Verapamil on Paroxysmal Junctional Tachycardia 


Effects of Adenosine 


APERP 
(ms) 


TCL 
(ms) 


Tachycardia 


Diagnosis Dose 


AVRT 
AVRT 
AVRT 
AVRT 
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AVRT 
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Effects of Verapamil 


Arrhythmia Term Arrhythmia 


VPC (3) VPC (3) 


VPC (1) 
VPC (1) 


VPC (5) 


Preexcited atrial 
flutter, VPC (2) 
VPC (4) 
APC (1) 
Preexcited atrial 
tachycardia 
APC (2) 
VPC (5) 
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VPC (1) 
VPC (1) 
VPC (1) 
2' AV block SA block 
APC (1) 

2’ AV block 
VPC (2) 


VPC (2) 
VPC (2) 
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APC = atrial premature complex (number of complexes in parentheses); APERP = anterograde effective refractory period of the accessory pathway; arrhythmia = postconversion 
arrhythmias; AVNRT = AV nodal reentrant tachycardia; AVRT = AV reentrant tachycardia; c = concealed; Delta SR = presence or absence of delta wave after conversion; ECG = elec- 
trocardiogram; i = intermittent; | = latent; LBBB = left bundle branch block; N = normal surface electrogram; SA = sinoatrial; SR = sinus rhythm; TCL = tachycardia cycle length; 
Term = termination; VPC = ventricular premature complex; WPW = Wolff-Parkinson-White pattern; + = present; O = absent. 


electrode catheters were introduced by way of the femo- 
ral or subclavian vein and positioned in the high right 
atrium, the coronary sinus, the right ventricular apex 
and across the atrioventricular valve to record the His 
bundle potential. Tachycardia mechanisms were deter- 
mined on the basis of local electrocardiogram activation 
patterns and responses to stimulation according to stan- 
dard criteria.!! Patients with nonsustained (<10 min- 
utes) arrhythmias at electrophysiologic study were ex- 
cluded, as were those with a previous history of left ven- 
tricular dysfunction or asthma (the former being a 
relative contraindication to verapamil therapy and the 
latter being a contraindication to adenosine therapy). 

Definitions: Junctional tachycardia was defined as a 
tachyarrhythmia arising from the AV junction. The 
term includes those tachycardias using a reentrant cir- 
cuit within the AV node (AV nodal reentrant tachycar- 
dia) and those using an accessory AV connection in the 
reentrant circuit (AV reentrant tachycardia). 

Patients with accessory AV connections were classi- 
fied as having Wolff-Parkinson-White syndrome if ven- 
tricular preexcitation was present during sinus rhythm. 
A concealed accessory connection was defined as one 
that was capable of retrograde conduction only (deter- 
mined at electrophysiologic study). Patients with inter- 
mittent preexcitation displayed preexcited complexes in- 
termittently during sinus rhythm; loss of preexcitation 
was associated with an increase in PR interval. Latent 
preexcitation was defined as ventricular preexcitation 
that was absent during sinus rhythm but was evident 
during atrial pacing, atrial extrastimuli or atrial ar- 
rhythmias. 





Clinical characteristics: Twenty patients with junc- 
tional tachycardia were entered into the study (13 wom- 
en, 7 men, mean age 37 years) (Table I). Five patients 
had persistent preexcitation during sinus rhythm, 3 pa- 
tients had latent preexcitation and 1 patient had inter- 
mittent preexcitation during sinus rhythm. Four pa- 
tients had evidence of concealed accessory connections 
used in the tachycardia circuit. The remaining 7 pa- 
tients had AV nodal reentrant tachycardia. No patients 
had clinical or echocardiographic evidence of ischemic 
heart disease, left ventricular failure or other structural 
heart disease. 

Drug administration: After completion of the base- 
line electrophysiologic study and determination of 
tachycardia mechanism, junctional tachycardia was re- 
induced and allowed to continue uninterrupted for 5 
minutes. At this stage intravenous adenosine was given 
as a rapid (within 1 second) bolus dose, starting at 0.05 
mg/kg. If the tachycardia did not terminate after 2 
minutes, incremental doses (increasing by 0.05 mg/kg) 
were given until limited by symptoms or tachycardia 
termination occurred. Thereafter tachycardia was rein- 
duced for a second time and (5 minutes later) intrave- 
nous verapamil was administered at a dose of 0.145 
mg/kg over 15 seconds.? Because adenosine and verapa- 
mil could not be administered in random order, it was 
assumed that the order of administration did not influ- 
ence subsequent events. 

Analysis of results: Response to treatment was con- 
sidered satisfactory only if the tachycardia was termi- 
nated, there were no symptomatic arrhythmias after 
conversion and latent or intermittent preexcitation was 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 1, 1989 1311 





PERAN ae G Tees 
` * ey -a i, J 
° “i 


— 


a RAT 


re A 1+ 


ja “0 ee Pay eye aes ae 
à $x 7s i s 
. ¢ 


CE a ON OS TT Oy n 


ADENOSINE VERSUS VERAPAMIL FOR PAROXYSMAL JUNCTIONAL TACHYCARDIA 


revealed (when applicable) after tachycardia termina- 
tion. If any of these criteria were not met, the response 
was considered unsatisfactory. Results of the 2 treat- 
ments were compared for individual patients and the 
significance of the difference between treatment groups 


was assessed by the sign test. A p value <0.05 in a 2- 
tailed test was considered significant. 


RESULTS 


Effects of adenosine: Administration of intravenous 


adenosine resulted in the termination of tachycardia in 


all 20 patients (Table I). The majority experienced the 


usual transient side effects of adenosine; dyspnea and 


flushing were the most common symptoms. The use of 
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adenosine in an incremental manner allowed an objec- 
tive assessment of the severity of side effects: no patient 
reported severe adverse effects and all were willing to 
continue the incremental dosage regimen until tachy- 
cardia termination was achieved. The mean dose re- 
quired to terminate the arrhythmia was 0.125 mg/kg 
(range 0.05 to 0.20), in keeping with previous studies. 
Tachycardia termination was followed by atrial prema- 
ture complexes in 3 patients and ventricular premature 
complexes in 8. No patients suffered hemodynamic 
compromise or sustained arrhythmias. Delta waves were 
apparent immediately after termination of the tachycar- 
dia in the 3 patients with latent preexcitation: in 1 this 
was due to progressive slowing of conduction through 


a A Á Á - — — 





FIGURE 1. Unmasking of latent preexcitation after termination of atrioventricular reentrant tachycardia by adenosine (patient 


8). A continuous trace is shown. Delta waves (*) are prominent in the fourth and fifth complexes after tachycardia termination. 
The third complex (#) is a result of fusion of a nonpreexcited beat with a ventricular premature beat. A = atrial electrogram; 
DCS = distal coronary sinus electrogram; H, HB = His bundle electrogram; HRA = high right atrial electrogram; PCS = proximal 
coronary sinus electrogram; V = ventricular electrogram. 
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the AV node (Figures 1 and 2) and in the other 2 pa- 
tients delta waves were associated with atrial premature 
complexes. Although ventricular premature complexes 
did occur after tachycardia termination in 1 patient 
with AV nodal reentrant tachycardia and in 1 patient 
with a concealed accessory connection, in neither case 
did the QRS complex have the appearance of a preex- 
cited complex (i.e., there were no false positives in terms 
of unmasking latent preexcitation). The single patient 
with intermittent preexcitation in sinus rhythm showed 
obvious delta waves immediately after termination of 
tachycardia by adenosine. 

Effects of verapamil: Intravenous verapamil termi- 
nated tachycardia in 19 of the 20 patients (Table JI). 
The only patient in whom the tachycardia continued 
(patient 11) had received intravenous verapamil on 
many previous occasions in attempts to terminate spon- 
taneous arrhythmias. Tachycardia was terminated by 
verapamil on only 1 of these occasions: 5-mg doses had 
been repeated at 5-minute intervals until a total of 25 
mg had been given. Intravenous adenosine in conven- 
tional doses had been repeatedly successful in terminat- 
ing spontaneous episodes of the arrhythmia. 

Ventricular premature complexes occurred coinci- 
dent with or after termination of tachycardia in 7 pa- 
tients after administration of verapamil. Preexcited atri- 
al arrhythmias occurred in 2 patients. In 1 patient (pa- 
tient 8) termination of AV reentrant tachycardia by 9 
mg of verapamil was followed by a few seconds of sinus 
rhythm and preexcited atrial premature complexes be- 
fore the appearance of a fast preexcited atrial tachycar- 
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dia (Figure 3). Spontaneous atrial tachycardia had been 
documented previously in this patient, although the rate 
of the spontaneous arrhythmia was less than that after 
the administration of verapamil. The patient became 
mildly hypotensive and distressed after the development 
of the atrial tachycardia: over the following 30 minutes 
the tachycardia rate decreased and symptomatic im- 
provement occurred. After 45 minutes the tachycardia 
was terminated after administration of intravenous diso- 
pyramide. A second patient developed preexcited atrial 
flutter after administration of verapamil: in this case the 
AV reentrant tachycardia degenerated into the atrial 
arrhythmia without an intervening period of sinus 
rhythm. The patient became temporarily severely symp- 
tomatic but recovered after spontaneous termination of 
the arrhythmia a few seconds later. 

Of the 3 patients with latent preexcitation, the diag- 
nosis was revealed in only 1 after verapamil (the patient 
with atrial tachycardia already described) although AV 
reentrant tachycardia was terminated successfully in all 
3. Termination of tachycardia by verapamil did not re- 
veal preexcitation in the single patient known to have 
intermittent preexcitation during sinus rhythm. In this 
patient block of the tachycardia circuit occurred in the 
retrograde (ventriculo-atrial) direction: it is possible 
that verapamil actually blocked the accessory pathway 
in both anterograde and retrograde directions, resulting 
in a normal QRS complex in sinus rhythm. 

Comparison of adenosine and verapamil: An analy- 
sis of the results in terms of successful termination of 
tachycardia, absence of significant arrhythmias after 





FIGURE 2. Unmasking of latent preexcitation by an atrial extrastimulus in the same patient as in Figure 1. The preexcited 
complex (*) has the same morphology as that revealed by adenosine. Abbreviations as in Figure 1. 
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ADENOSINE VERSUS VERAPAMIL FOR PAROXYSMAL JUNCTIONAL TACHYCARDIA 


conversion and unmasking of latent or intermittent 
preexcitation (Figure 4) reveals that adenosine was sat- 
isfactory in all 20 patients, whereas verapamil therapy 
was satisfactory in only 14 of the 20 patients (p <0.05). 
All of the patients with unsatisfactory responses to vera- 
pamil had AV reentrant tachycardia using an accessory 
connection in the retrograde limb of the reentrant cir- 
cuit. 


DISCUSSION 

We confirm the high efficacy of both adenosine and 
verapamil in the termination of paroxysmal junctional 
tachycardia. The use of verapamil, however, was associ- 
ated with the development of significant arrhythmias in 
2 patients: preexcited atrial flutter in 1 patient and sus- 
tained preexcited atrial tachycardia in another patient. 
The ability of intravenous verapamil to precipitate atrial 
arrhythmias has been recognized in patients with junc- 
tional tachycardia!’ and in normal subjects.'? Atrial ar- 
rhythmias are more likely to persist after verapamil ad- 
ministration.'* In patients with intact anterograde con- 
duction over an accessory pathway verapamil is capable 
of increasing the ventricular response to atrial arrhyth- 
mias and has been known to lead to ventricular fibrilla- 
tion and death.!'> The possibility that life-threatening ar- 
rhythmias of this nature may result from verapamil 
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administration during orthodromic AV reentrant tachy- 
cardia has been suggested,!* but until now no such case 
had been reported. In the current study the frequency of 
atrial arrhythmias was greater with adenosine than ve- 
rapamil, but the adenosine-induced arrhythmias lasted 
for only a few beats. Similarly, although intrave- 
nous adenosine may increase the ventricular response to 
preexcited atrial arrhythmias’ this effect lasts for 1 to 2 
seconds only. Our results suggest that adenosine is more 
effective than verapamil in unmasking latent or inter- 
mittent preexcitation. This is related partly to the de- 
gree of AV nodal block produced (Figure 5) and partly 
to the higher incidence of atrial premature complexes 
after adenosine. 

In the present study a single, relatively high dose of 
verapamil was used: whereas this may have increased 
the likelihood of adverse effects with this agent, it 
should also have favored the successful termination of 
the arrhythmia as well as subsequent unmasking of la- 
tent preexcitation. 

Comparison with previous studies: Sellers et al!6 
retrospectively compared the efficacy of adenosine and 
verapamil in the termination of spontaneous paroxysmal 
supraventricular tachycardia. Adenosine terminated 18 
of 18 episodes, whereas verapamil terminated 26 of 32 
episodes. To our knowledge there has been no previous 
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FIGURE 3. Termination of AVRT after intravenous verapamil (patient 8). Preexcited atrial premature complexes (APCs) occur 
after termination and rapid preexcited atrial tachycardia develops shortly afterward (continuous trace). This preexcited arrhyth- 
mia was sustained and resulted in symptomatic hypotension for approximately 15 minutes. Abbreviations as in Figure 1. JB = 


junctional beat. 
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direct comparison of the 2 agents in the same group of 
patients. Belhassen et al!’ recently compared the effica- 
cy of verapamil and adenosine triphosphate (a precursor 
of adenosine) in the termination of electrically-induced 
junctional tachycardia in 20 patients. These investiga- 
tors found that adenosine triphosphate was 100% effec- 
tive in terminating junctional tachycardia if given in 
sufficient quantity (20 mg), whereas verapamil was ef- 
fective in 75 to 80% depending on the dose used (5 and 
10 mg, respectively). Transient arrhythmias were more 
common after adenosine triphosphate therapy but no 
patient had a poorly tolerated arrhythmia. Previously 
undocumented atrial fibrillation occurred in 2 patients 
after verapamil therapy (5 mg in both) and lasted for a 
few hours in each case. In neither of these 2 patients 
was anterograde conduction down an accessory path- 
way possible; the arrhythmias were well tolerated. No 
patients had latent preexcitation and the role of adeno- 
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Preexcited 
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FIGURE 4. Comparison of adenosine and verapamil in terms 
of successful termination of tachycardia, presence of preexcit- 
ed arrhythmias after conversion and unmasking of latent or 
intermittent preexcitation. 


termination by adenosine 


sine triphosphate or verapamil in revealing these vari- 
ants of the Wolff-Parkinson-White syndrome could not 
be addressed. 

Clinical implications: Both adenosine and verapamil 
are highly effective in the termination of junctional 
tachycardia. Intravenous verapamil has been used in 
this setting for over 15 years: administration is not asso- 
ciated with symptoms and serious adverse reactions are 
unusual. In 1984, when reviewing the preliminary data 
on adenosine, adenosine triphosphate and verapamil, 
Belhassen and Pelleg!8 could reach no definite conclu- 
sion as to which agent should be the first choice acute 
therapy for supraventricular tachycardia. In a more re- 
cent report!” Belhassen et al suggest that verapamil (as 
opposed to adenosine triphosphate) should be first line 
therapy, in view of its low likelihood of reinitiation of 
arrhythmia and the relative lack of side effects. We 
have presented evidence that adenosine has particular 
advantages in patients presenting with AV reentrant 
tachycardia using an accessory connection in the reen- 
trant circuit, in terms of both lack of preexcited ar- 
rhythmias after conversion and unmasking of latent 
preexcitation. Latent preexcitation is usually of the type 
A pattern (dominant R wave in V;) because of the pre- 
dominance of left-sided pathways in this condition. For 
this reason continuous recording of lead V; is to be rec- 
ommended during attempts at tachycardia termination 
with adenosine. The identification of latent preexcita- 
tion is important, as these patients may be at risk of 
sudden death should atrial fibrillation develop.!° In 2 of 
the patients accessory pathway refractory periods could 
not be determined because they were less than the cor- 
responding atrial refractory periods and in the third pa- 
tient the effective refractory period was 260 ms. In con- 
trast, patients with intermittent preexcitation in sinus 
rhythm have little risk of very rapid arrhythmias.!? 
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FIGURE 5. Termination of atrioventricular reentrant tachycardia (patient 2) by adenosine and by verapamil, demonstrating the 
greater ability of adenosine to temporarily accentuate preexcited complexes in a patient with a left free wall accessory 
connection. In this patient preexcitation was persistently present in sinus rhythm in the drug-free state. 
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ADENOSINE VERSUS VERAPAMIL FOR PAROXYSMAL JUNCTIONAL TACHYCARDIA 


Junctional tachycardias that involve an accessory 
pathway in the reentrant circuit can be identified in 
many patients from the surface electrocardiogram dur- 
ing tachycardia?™®?! and we recommend that these pa- 
tients receive intravenous adenosine rather than verapa- 
mil as first line acute therapy. 


Addendum: Since submission of this article we have 
reported the occurrence of preexcited atrial fibrillation 
after administration of intravenous verapamil to a pa- 
tient with spontaneously occurring junctional tachycar- 
dia. Garratt C, Ward D, Camm AJ. Degeneration of 
junctional tachycardia to preexcited atrial fibrillation 
after intravenous verapamil. Lancet 1989;2:219. 
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Persantine 


(ipyridaMOle) sin. 22 9. 


Brief Summary of Prescribing Information 
CONTRAINDICATIONS None known. 


PRECAUTIONS General Persantine® (dipyridamole 
USP) should be used with caution in patients with 
hypotension since it can produce peripheral 
vasodilation. 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility In a 111 week oral study in mice and ina 
128-142 week oral study in rats, Persantine produced 
no significant carcinogenic effects at doses of 8, 25 
and 75 mg/kg (1, 3.1 and 9.4 times the maximum 
recommended daily human dose). Mutagenicity test- 
ing with Persantine was negative. Reproduction 
studies with Persantine revealed no evidence of 
impaired fertility in rats at dosages up to 60 times the 
maximum recommended human dose. A significant 
reduction in number of corpora lutea with consequent 
reduction in implantations and live fetuses was, 
however, observed at 155 times the maximum recom- 
mended human dose. 


Teratogenic Effects PREGNANCY CATEGORY B 
Reproduction studies have been performed in mice 
and rats at doses up to 125 mg/kg (15.6 times the 
maximum recommended daily human dose) and 
rabbits at doses up to 20 mg/kg and have revealed 
no evidence of harm to the fetus due to Persantine. 
There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal repro- 
duction studies are not always predictive of human 
response, this drug should be used during pregnancy 
only if clearly needed. 


Nursing Mothers As dipyridamole is excreted in 
human milk, caution should be exercised when 
Persantine is administered to a nursing woman. 


Pediatric Use Safety and effectiveness in children 
below the age of 12 years has not been established. 


ADVERSE REACTIONS Adverse reactions at 
therapeutic doses are usuaily minimal and transient. 
On long-term use of Persantine® (dipyridamole USP) 
initial side effects usually disappear. The following 
reactions were reported in two heart valve replace- 
ment trials comparing Persantine and warfarin therapy 
to either warfarin alone or warfarin and placebo: 


Persantine/ Placebo/ 
Warfarin Warfarin 
(N = 147) (N = 170) 
Dizziness 13.6% 8.2% 
Abdominal 
distress 6.1% 3.5% 
Headache 2.3% 0.0 
Rash 2.3% 1.1% 


Other reactions from uncontrolled studies include 
diarrhea, vomiting, flushing and pruritus. In addition, 
angina pectoris has been reported rarely. On those 
uncommon occasions when adverse reactions have 
been persistent or intolerable, they have ceased on 
withdrawal of the medication. 


When Persantine was administered concomitantly 
with warfarin, bleeding was no greater in frequency or 
severity than that observed when warfarin was admin- 
istered alone. 


HOW SUPPLIED Persantine® (dipyridamole USP) is 
available as round, orange, sugar-coated tablets of 25 
mg, 50 mg and 75 mg in the following package sizes: 


25 and 50 mg Tablets: Bottles of 100 and 1000, unit 
dose of 100. 


75 mg Tablets: Bottles of 100 and 500, unit dose of 
100. 


Consult package insert before prescribing. 


PE-4282 PE-BPI-6/88 


y Boehringer Boehringer Ingelheim 


. Pharmaceuticals, Inc. 
Ingelheim Ridgefield, CT 06877 





INVASIVE CARDIOLOGIST 


THE UNIVERSITY OF TEXAS HEALTH CENTER AT TYLER OF- 
FERS A UNIQUE OPPORTUNITY FOR THE PRACTICE OF CLINI- 
CAL CARDIOLOGY IN A UNIVERSITY HOSPITAL SETTING FOR A 
BOARD CERTIFIED OR ELIGIBLE PHYSICIAN. EXCELLENT SALA- 
RY AND BENEFITS ARE AVAILABLE IN AN EXPANDING CARDI- 
OLOGY PROGRAM WITH FOUR ASSOCIATES AT THIS STATE RE- 
FERRAL HOSPITAL FOR HEART AND LUNG DISEASE. LOCATED 
IN A BEAUTIFUL PORTION OF EAST TEXAS, TYLER OFFERS AN 
IDEAL CLIMATE FOR RECREATIONAL ACTIVITIES IN A FAMILY 
ORIENTED COMMUNITY. EEO/AA. 


SEND CURRICULUM VITAE TO R. M. PAYNE, M.D., UNIVERSITY 
OF TEXAS HEALTH CENTER AT TYLER, P.O. BOX 2003, TYLER, 
TX. 75710. 













CARDIOLOGIST—To join group of 6 FACC cardiologists in 
Northwestern Pennsylvania. Consultative, invasive and nonin- 
vasive practice. Immediate opening. Reply Box 1025, The 
American Journal of Cardiology, 249 W. 17th St., New York, 
N.Y. 10011. 






Invasive Cardiologist needed immediately to join an 
established busy solo cardiology practice in the Hous- 
ton area. Please reply with a CV and references to Box 
1050, The American Journal of Cardiology, 249 W. 
17th St., New York, N.Y. 10011. 


INVASIVE 
CARDIOLOGIST 


BC/BE to join two (2) active invasive mem- 
bers of busy growing multispecialty group. 

















Full office clinical service. 
Excellent opportunity, benefits. 
Early partnership. 

PTCA skills necessary 

EPS desirable. 


Write T. Scott, P.O. Box 50258, Nash- 
ville, TN 37205. 
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Rapid heart rate. Increased Be” “Aithythmia. When the symptoms don’t make 
sense... the reason may be substance abuse. 

Even “occasional” use of cocaine can cause a wide range of physiological and 
psychological symptoms that may mimic systemic disease. Even more frightening is 
the fact that cocaine can cause sudden death, regardless of the dose, blood levels, 
or route of administration. 

Help your patients stop illegal drug use before it stops them. Ask about abuse as a 
routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM— 
4:30 PM EST. 


HELP STOP SUBSTANCE ABUSE. 
ASK THE QUESTIONS. 


Partnership for a Drug-Free America 
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Henry S. Miller, Jr., M.D., 
Kathy Berra, R.N. 


Now available, the first take-home education and exercise video 


for cardiac patients. These four 60-minute videos extend rehabil- 

itative care and meet the current standards of AHA and ACSM. 

e Exercise videos feature increasing levels of intensity. Select the 
tape that’s best for each patient. These video home programs 
encourage patient compliance. 


e Patient exercise and activity log helps you audit progress during 


Office visits. 
e Available only on physician recommendation. 

Prescription video orders can be filled at your office or rehab 
center for as low as $69-$89 each, depending on the module 
you prescribe. 


VideoCare National Advisory Panel on Cardiac Rehabilitation 


Physicians: Bruno Balke; Samuel M. Fox, Ill; Victor Froelicher, Peter 
Hanson; Herman K. Hellerstein; Terence Kavanagh; Arthur S.Leon; 


Henry S. Miller, Jr.; L. Kent Smith; C. Barr Taylor; Steven P. 
Van Camp. 

Nurses: Kathy Berra; Nancy Houston Miller; Erika S. Sivarajan. 

Exercise Physiologists: Carl Foster; Barry A. Franklin; William L. 
Haskell; Neil B. Oldridge; Michael L. Pollock; Paul M. Ribisl: 
Ray W. Squires. 

Behavioral Scientist: James A. Blumenthal. 

Physical Therapist: Elizabeth J. Protas. 
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Programs 
For Cardiac 
Patients. 


Special Offer For AJC Readers 












Special AJC Offer 

Normally $346, a complete VideoCare™ set can be obtained by 
AJC readers for only $300. Satisfaction guaranteed, credit cards 
accepted. Call 1-800-338-1927. Mention AJC for special offer. 


NIDEGUARE, NC 


Yes! Please send four (4) VideoCare VHS cassettes, video brochure, 
and all support materials at special AJC price — only $300.00. 
Satisfaction guaranteed. (Foreign orders write for more information. ) 


____ Payment enclosed 

Please charge my: ___ VISA ____ MasterCard ____ American Express 
ely es ee be Yee RS) sey: Raton aa 
Signature 

Name_. SS. «Organization 

Address 


Oi! Oe MACS FOO ROTTS RL 


rse MILA NC. 


For faster service 
call 1-800-338-1927 420 Summit Avenue 


(ask for AJC special offer) St. Paul, MN 55102 EENT 
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SUSTAINED-RELEASE CA 
next page for references and brief summary 
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80% SINGLE-AGENT CONTROL 
© SIX CLINICAL TRIALS C MORE THAN 4,000 PATIENTS 
O REGARDLESS OF AGE* OR RACE 


STUDY A't 
STUDY B”: 
STUDY C% 
STUDY D” 
STUDY E* 
STUDY F** 


3,741 patients 
97 patients 
5| patients 
54 patients 
22 patients 


43 patients 


Constipation, which can be easily managed in most patients, is 
the most frequently reported side effect of Calan SR. 


*For adult hypertensives on 


| 
' goal blood percent of 3 74l patients 30-70 years) with mild, moderate, and severe hypertension achieved 


ood pressure (DBP <90 <9 gi in an open, multicenter, 6-week study. 


97 Saihents, (8. years) with mild, moderate, severe, and isolated systolic 


tEighty-two percent o 


ONCE-A-DAY 
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Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
2nd- or 3rd-degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an 
accessory bypass tract (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection 
fraction < 30%) or moderate to severe symptoms of cardiac failure and in patients with 
any degree of ventricular dysfunction if they are receiving a beta-blocker. Control milder 
heart failure with optimum digitalization and/or diuretics before Calan SR is used. Verapamil 
may occasionally produce hypotension. Elevations of liver enzymes have been reported. 
Several cases have been demonstrated to be produced by verapamil. Periodic monitoring 
of liver function in patients on verapamil is prudent. Some patients with paroxysmal and/ 
or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or LGL 
syndromes) have developed an increased antegrade conduction across the accessory 
pathway bypassing the AV node, producing a very rapid ventricular response or ventricular 
fibrillation after receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
contraindicated in such patients. AV block may occur (2nd- and 3rd-degree, 0.8%). 
Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely, discontinuation and institution of appropriate therapy. 
Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe 
hypotension were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic 
function (in severe dysfunction use about 30% of the normal dose) or impaired renal 
function, and patients should be monitored for abnormal prolongation of the PR interval or 
other signs of overdosage. Verapamil may decrease neuromuscular transmission in patients 
with Duchenne’s muscular dystrophy and may prolong recovery from the neuromuscular 
blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients 
with attenuated neuromuscular transmission. Combined therapy with beta-adrenergic block- 
ers and verapamil may result in additive negative effects on heart rate, atrioventricular 
conduction and/or cardiac contractility; there have been reports of excessive bradycardia 
and AV block, including complete heart block. The risks of such combined therapy may 
outweigh the benefits. The combination should be used only with caution and close 
monitoring. Decreased metoprolol clearance may occur with combined use. Chronic verap- 
amil treatment can increase serum digoxin levels by 50% to 75% during the first week of 
therapy, which can result in digitalis toxicity. In patients with hepatic cirrhosis, verapamil 
may reduce total body clearance and extrarenal clearance of digitoxin. The digoxin dose 
should be reduced when verapamil is given, and the patient carefully monitored. Verapamil 
will usually have an additive effect in patients receiving blood-pressure-lowering agents. 
Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
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hypertension achieved goal blood pressure (DBP <95 mm Hg) in an open, multicenter, 12-week titration 


study. 


Eighty- four percent of 5] potia (21-75 years) with mild to moderate hypertension achieved goal blood 


ressure (0% P <90 eat. or a fall of at least 15 mm Hg) in a 4-month, double-blind, randomized study. 


//\n a double-blind, forced dose titration comparative study of black patients (18-70 years) with mild to 
moderate hypertension, 83% of those randomized to Calan SR (n = 54) at q dosage of 360 mg/day 
achieved goal blood pressure (DBP <90 mm Hg or =10 mm Hg reduction) $ 

*Eighty- six percent of 22 patients with mild to moderate hypertension achieved goal blood pressure (DBP 


0 mm Hg after 4 weeks of dese a single-blind comparative trial. 
0 years) with mild to moderate hypertension achieved goal blood 
0 mm Hg or a fall of at least 15 mm Hg) in a 4-month, double-blind, randomized study. 6 


administration. Concomitant use of flecainide and verapamil may have additive effects on 
myocardial contractility, AV conduction, and repolarization. Combined verapamil and quini- 
dine therapy in patients with hypertrophic cardiomyopathy should be avoided, since 
significant hypotension may result. Concomitant use of lithium and verapamil may result in 
a lowering of serum lithium levels or increased sensitivity to lithium. Patients receiving both 
drugs must be monitored carefully. Verapamil may increase carbamazepine concentrations 
during combined use. Rifampin may reduce verapamil bioavailability. Phenobarbital may 
increase verapamil clearance. Verapamil may increase serum levels of cyclosporin. Concom- 
itant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular 
blocking agents (curare-like and depolarizing); dosage reduction may be required. Adequate 
animal carcinogenicity studies have not been performed. One study in rats did not suggest 
a tumorigenic potential, and verapamil was not mutagenic in the Ames test. Pregnancy 
Category C. There are no adequate and well-controlled studies in pregnant women. This 
drug should be used during pregnancy, labor, and delivery only if clearly needed. Verapamil 
is excreted in breast milk; therefore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension 
(2.5%), headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), 
dyspnea (1.4%), bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° 
and 3° (0.8%), rash (1.2%), flushing (0.6%), elevated liver enzymes. The following reactions, 
reported in 1.0% or less of patients, occurred under conditions where a causal relationship 
is uncertain: angina pectoris, atrioventricular dissociation, chest pain, claudication, myocar- 
dial infarction, palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointes- 
tinal distress, gingival hyperplasia, ecchymosis or bruising, cerebrovascular accident, con- 
fusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic symptoms, 
shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules, 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gy- 
necomastia, increased urination, spotty menstruation, impotence. 2/9/89 + AB8-W5282V-1 


References: 1. Speders S, Sosna J, Schumacher A, et al: Efficacy and tolerability of Isoptin SR in 
essential hypertension: Results of a phase IV study under practice conditions. Hochdruck 1988;8:3-14. 
2. Reinfran ET Eckardt A, Hahn K-J: Alon -term nitions study of verapamil SR 240 mg in 
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Efficacy and Safety of Flecainide Acetate 
in the Maintenance of Sinus Rhythm After 
Electrical Cardioversion of Chronic Atrial 
Fibrillation or Atrial Flutter 


Isabelle C. Van-Gelder, MD, Harry J.G.M. Crijns, MD, Wiek H. Van Gilst, PhD, 
Leendert M. Van Wijk, MD, Hans P.M. Hamer, MD, and Kong |. Lie, MD 


The efficacy and safety of flecainide were studied 
in the maintenance of sinus rhythm after electrical 
cardioversion for chronic atrial fibrillation or atrial 
flutter. Eighty-one patients were randomized to 
flecainide treatment or no treatment. Baseline char- 
acteristics of both groups were comparable. 
Compared to previous studies, patients could be 
classified as difficult-to-treat patients. Multiple 
regression analysis showed New York Heart Asso- 
ciation class I for exercise tolerance (p = 0.0004) 
and flecainide treatment (p = 0.01) to be the main 
factors increasing the arrhythmia-free episode. 
However, Mantel-Cox lifetable analysis did not re- 
veal significant differences between arrhythmia- 
free survival curves of both treatment groups. In 
the flecainide-treated group, 9% of patients 
experienced side effects, mostly related to negative 
dromotropic effects. The incidence of ventricular 
proarrhythmia in this group of patients was low. 
Thus, flecainide may be effective in postponing 
arrhythmia recurrence, even in difficult-to-treat 
patients. Caution should be exercised in treating 
patients with underlying conduction disturbances, 
sick sinus syndrome or characteristics favoring 
development of ventricular proarrhythmia. 

(Am J Cardiol 1989;64:1317-1321) 


From the Departments of Cardiology and Clinical Pharmacology, 
Thoraxcenter, University Hospital Groningen, the Netherlands. This 
study was presented in part at the 61st Scientific Sessions of the Ameri- 
can Heart Association, Washington, DC, November 14-17, 1988. 
Manuscript received June 6, 1989; revised manuscript received and 
accepted August 7, 1989. 

Address for reprints: Isabelle C. Van Gelder, MD, Department of 
Cardiology, Thoraxcenter, University Hospital Groningen, Oostersin- 
gel 59, 9713 EZ Groningen, the Netherlands. 


aintenance of sinus rhythm after electrical 
JMI ioversion for atrial fibrillation or atrial 

flutter is a challenge for the clinician, because 
these arrhythmias have a high propensity to recur de- 
spite antiarrhythmic drug treatment.!-!4 During pro- 
phylactic drug treatment additional clinical problems 
may occur, especially with antiarrhythmic drugs with 
an intrinsic anticholinergic effect, which may facilitate 
atrioventricular nodal conduction.!> In addition, drugs 
such as quinidine have been shown to induce severe ven- 
tricular arrhythmias associated with QT prolongation 
also in patients treated for supraventricular tachycardia 
and not previously having ventricular tachycardia.!®!7 
Therefore, there remains a need for newer antiarrhyth- 
mic drugs with different antiarrhythmic properties and 
side-effect profiles. The new class Ic antiarrhythmic 
drug flecainide is widely used for ventricular arrhyth- 
mias and data on its use in patients with supraventricu- 
lar arrhythmias are becoming more and more avail- 
able.!8-23 However, there are no reports on the use of 
flecainide in the preventive treatment after electrical 
cardioversion of atrial fibrillation or atrial flutter in a 
large-scale trial. Therefore, we performed a randomized 
trial to compare the efficacy and safety of flecainide 
treatment versus no treatment in 81 patients with 
chronic atrial fibrillation or atrial flutter who underwent 
a successful electrical cardioversion to sinus rhythm. 


METHODS 

Between February 1986 and October 1988 a total of 
180 patients underwent electrical cardioversion in our 
department. After electrical cardioversion 36 patients 
did not have sinus rhythm and 63 patients had 21 ex- 
clusion criteria for inclusion in the trial. Eighty-one pa- 
tients having sinus rhythm after electrical cardioversion 
of chronic atrial fibrillation or chronic atrial flutter 
were randomized to flecainide treatment or no treat- 
ment. Randomization was performed blinded by draw- 
ing from a box containing 90 lots. The box was pre- 
pared before the start of the study. Chronic atrial fibril- 
lation or flutter was defined as documented atrial 
fibrillation or flutter with a duration of 224 hours with- 
out intercurrent sinus rhythm. A 24-hour Holter moni- 
toring before electrical cardioversion validated this cri- 
terion in all patients. 

Exclusion criteria were: (1) age <16 or >80 years; 
(2) congestive heart failure or angina pectoris = class 
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TABLE I Baseline Characteristics 


Flecainide No Treatment 
(n = 36) (n = 37) 


Age (yrs)* 60+ 11 57+14 
20/16 22/15 
30/6 27/10 
Underlying heart disease 
CAD (%) 
SH (%) 
CHD (%) 
IDC (%) 
VHD (%) 
No cardiac disease (%) 
Previous duration 
Mean (months)* 
Median 
Range ; 0.1 to 120 
No. of previous episodes of AF /AFI* 1.51.5 
Median 
Total duration arrhythmia (yrs)* 
Median 
NYHA class 
| 
II 
Left atrial size (long-axis, mm)* 
Left ventricular EDD (mm)* 
Left ventricular ESD (mm)* 
* mean + standard deviation. 
AF = atrial fibrillation; AFI = atrial flutter; CAD = coronary artery disease; CHD = 
congenital heart disease; EDD = end-diastolic diameter; ESD = end-systolic diameter; 


IDC = idiopathic dilated cardiomyopathy; NYHA = New York Heart Association; SH = 
systemic hypertension; VHD = valvular heart disease. 


TABLE Il Multiple Regression Analysis: Variables Influencing 
Outcome for All Patients 


SE 
Variables Coefficient Coefficient p Value 


NYHA 

Flecainide treatment 
Left atrial size (LA) 
AF duration 


AF = atrial fibrillation; LA = long axis view; NYHA = New York Heart Association; SE 
= standard error. 


III according to the criteria of the New York Heart 
Association; (3) myocardial infarction <2 years before 
entry into the study; (4) known intolerance to flecainide; 
(5) bifascicular block or bundle branch block; (6) sick 
sinus syndrome in the absence of an artificial pacemak- 
er; (7) concomitant use of other antiarrhythmic drugs; 
and (8) severe systemic disease, especially if related to 
atrial fibrillation or atrial flutter. Unlike earlier studies, 
which excluded patients with a duration of atrial fibril- 
lation or atrial flutter >3 years,!4> we did not exclude 
patients on the basis of duration of the arrhythmia. Pa- 
tients underwent electrical cardioversion according to a 
previously described protocol.** An echocardiogram was 
performed on the day of the electrical cardioversion. 
Right and left atrial dimensions as well as left ventricu- 
lar dimensions were determined according to the Amer- 
ican Standards for Echocardiography.*? Patients were 
receiving oral anticoagulants before and after electrical 
cardioversion and during the trial. All patients gave in- 
formed consent for inclusion in the trial and the proto- 
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col was approved by the local medical ethical commit- 
tee. 
Patients randomized to flecainide treatment started 
with 100 or 150 mg twice daily, depending on body 
weight and renal function. The dose of flecainide was 
reduced to 150 or 200 mg daily in case of prolongation 
of QRS duration >50% of baseline value. In case of a 
plasma level >1,200 ng/ml flecainide dose was lowered. 
Drug therapy was initiated <6 hours after electrical 
cardioversion and patients were observed in-hospital 
during 224 hours. Only if sinus rhythm persisted >24 
hours were patients evaluated with respect to long-term 
outcome. 

All patients with atrial flutter received verapamil 
240 mg daily to prevent rapid ventricular rates that may 
occur due to 1:1 atrioventricular conduction, especially 
in case of a recurrence of atrial flutter.'> Digitalis was 
not prescribed. 

Follow-up: After discharge from the hospital, pa- 
tients were evaluated in the outpatient department after 
1, 3, 6 and 12 months. At follow-up visits they were 
questioned for arrhythmia symptoms and side effects of 
drug therapy. Adherence to drug therapy was checked 
by questioning patients and determination of trough 
plasma concentrations of flecainide (high-pressure liq- 
uid chromatography method, normal limits 200 to 1,200 
ng/ml). The use of concomitant drugs was documented. 
An electrocardiogram was obtained at each visit and 
a 24-hour Holter monitoring was performed after 1 
month to establish the value of Holter monitoring in 
predicting late recurrences of the arrhythmia. In case of 
recurrence a 24-hour Holter monitoring was performed 
to document that the arrhythmia had recurred in its 
chronic form. A plasma sample was also taken. 

If the arrhythmia had recurred, patients belonging 
to the no-treatment group underwent a recardioversion. 
Thereafter they were treated with flecainide and fol- 
lowed in the outpatient department as previously de- 
scribed. 

Statistical analysis: Data were analyzed using the 
key variables of incidence of recurrence of atrial fibrilla- 
tion or atrial flutter during follow-up, time to recur- 
rence and incidence of any other failure to therapy. Dif- 
ferences in incidence of recurrence between both groups 
were analyzed using Mantel-Cox lifetable analysis. Cor- 
relation between both plasma level of flecainide and 
QRS increase and recurrence of atrial fibrillation or 
atrial flutter was tested in the flecainide treated group 
using the unpaired Student ¢ test. Multivariate regres- 
sion analysis was used to evaluate other predictors of 
recurrence. 


RESULTS 

Baseline characteristics: Table I lists the baseline 
characteristics of both patient groups. There were no 
significant differences between the groups. Using our 
standard protocol, the number of attempts and the total 
dose (in J) to achieve cardioversion to sinus rhythm 
were similar in both groups (2.8 + 1.1 attempts and 447 
+ 297 J in the flecainide group vs 3.4 + 1.2 attempts 





TABLE Ill Adverse Events in the Flecainide-Treated Patients 






Recurrence 













Previous at Time of 
Conduction Adverse 

No. Events Disturbances Event 

1 Syncope O 0 

2 Sinus arrest, dizziness 0 0 

3 High grade AV block 0 + 

4 Rate-related LBBB ILBBB + 

5 Proarrhythmia VPB 0 0 

F 





and 531 + 324 J). There were 10 patients receiving 
diuretics or angiotensin converting enzyme inhibition 
for previous signs of congestive heart failure in the fle- 
cainide-treated group of patients versus 8 patients in the 
no-treatment group. After cardioversion patients ran- 
domized to active treatment received 199 + 48 mg fle- 
cainide daily in a twice-daily dosage. 

Efficacy parameters: Figure 1 shows the arrhyth- 
mia-free episode in both patient groups according to the 
Mantel-Cox lifetable analysis. After 1, 3, 6 and 12 
months 69, 64, 58 and 49% in the flecainide-treated 
group of patients maintained sinus rhythm, versus 54, 
49, 49 and 36% in the untreated group (all values not 
significantly different). 

Table II lists the results of multiple regression analy- 
sis performed in the total study population. New York 
Heart Association class for exercise tolerance deter- 
mined at inclusion into the trial was found to be the 
most important predicting factor. Patients in a lower 
New York Heart Association class maintained sinus 
rhythm longer (p = 0.0004). Flecainide treatment also 
significantly increased the arrhythmia-free interval (p = 
0.01). Left atrial size (long-axis view), previous dura- 
tion of the arrhythmia, underlying heart disease and 
concomitant treatment with verapamil had no influence. 
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FIGURE 1. Actuarial arrhythmia-free episode of the 
flecainide-treated patients versus the no-treatment patients. 
The numbers indicate the number of patients still evaluable at 
that moment. No value is significantly different (Mantel-Cox 
lifetable analysis). 


= flecainide; | = incomplete; LBBB = complete left bundle branch block: VPB = premature ventricular beats; + = present; 0 = absent. 













Plasma 
Dose F Level Verapamil 
(mg/day) (ng/ml) Treatment Therapy 



















200 430 VVI pacemaker 
200 305 0 F stop 
200 425 0 VVI pacemaker 
200 1,120 0 F stop 
200 400 0 F stop 












QRS duration increased significantly from 86 + 13 
to 100 + 9 ms in successfully treated patients and from 
91 + 13 to 112 + 34 ms in unsuccessfully treated pa- 
tients. With respect to increase of QRS duration and 
plasma levels (440 + 159 vs 536 + 298 ng/ml) there 
were no significant differences between these 2 groups. 

Figure 2 compares the clinical course of the 36 eval- 
uable patients initially randomized to flecainide treat- 
ment with the 22 patients treated with flecainide after 
recardioversion for recurrence during the no-treatment 
period. There were no significant differences with re- 
spect to outcome (Mantel-Cox lifetable analysis). 

Adverse events: Adverse events occurred in 9% of a 
total of 58 patients treated with flecainide (Table III). 
Patient 1 had a syncope due to a sinus arrest for which 
a VVI pacemaker was implanted. He continued receiv- 
ing flecainide successfully and did not experience syn- 
cope again. The second patient developed sinus arrests 
>3 seconds with complaints of dizziness, both disap- 
pearing after stopping flecainide. Patient 3 had a high- 
grade atrioventricular block during relapse of atrial 
fibrillation with atrioventricular nodal escape beats. 
While this patient was not receiving the drug, the high- 
grade atrioventricular block persisted and a VVI pace- 


%. arrhythmia free patients 


2 4 6 8 L) 
follow up (months) 


-- flecainide after 
recardioversion 


FIGURE 2. Actuarial arrhythmia-free episode of the 
flecainide-treated patients versus the flecainide-treated 
patients after recardioversion. The numbers indicate the 
number of patients still evaluable at that moment. No value is 
significantly different (Mantel-Cox lifetable analysis). 


— flecainide 
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maker was implanted. The fourth patient had a rate- 
related left bundle branch block after recurrence of atri- 
al fibrillation. After discontinuation of flecainide the 
complete left bundle branch block returned to the pre- 
existent incomplete left bundle branch block. Patient 5 
had a 100-fold increase of preexistent monomorphic 
ventricular premature beats, accompanied by palpita- 
tions. He had undergone aortic valve replacement for 
aortic stenosis. Radionuclide left ventricular ejection 
fraction was 55%. There were no couplets or ventricular 
tachycardias. The increase in the number of premature 
ventricular beats was considered a proarrhythmic ef- 
fect.2° In addition, the palpitations were intolerable to 
the patient. Therefore, flecainide was discontinued, af- 
ter which the complaints subsided. In no other patient 
were ventricular proarrhythmic events encountered. All 
patients suffering adverse events were receiving flecai- 
nide, 100 mg twice daily, and their plasma levels were 
within the therapeutic range. There were no adverse 
events in the no-treatment group. 

Side effects: One patient stopped flecainide treat- 
ment because of nausea and 1 because of headache. 
Both patients were still in sinus rhythm after 6 and 18 
months of follow-up, respectively. 

Holter monitoring after 1 month: Presence or ab- 
sence of supraventricular tachycardia (including atrial 
flutter and fibrillation) was scored. Supraventricular 
tachycardia was defined as a run of 23 supraventricu- 
lar premature complexes. During a follow-up of 15 + 7 
months (range 2 to 26) 12 patients had a recurrence, of 
whom 9 showed supraventricular tachycardia on Holter 
monitoring. Of the 32 patients who maintained sinus 
rhythm 20 had shown supraventricular tachycardia. 
Sensitivity of 24-hour Holter monitoring performed 1 
month after cardioversion in predicting a late recur- 
rence of chronic arrhythmia thereafter was 75%, with a 
low specificity (38%) and a positive predictive value of 
only 31%. However, percentage of patients showing su- 
praventricular tachycardia on the 1-month Holter moni- 
toring was significantly lower in patients treated with 
flecainide than in untreated patients (54 vs 83%, p = 
0.04). 


DISCUSSION 

This is the first study to demonstrate that flecainide 
prolongs the arrhythmia-free episode after electrical 
cardioversion for chronic atrial fibrillation or atrial flut- 
ter. 

Efficacy of Vaughan Williams class Ia antiarrhyth- 
mic drugs has been proven in several studies.'-* Results 
of the present study are comparable with findings of 
these studies. However, the much longer mean previous 
duration of the arrhythmia and the relatively large left 
atrial size indicate that patients should be characterized 
as difficult-to-treat patients. This may have had a nega- 
tive influence on our results. Recently data have been 
published concerning patients considered as difficult-to- 
treat.!°-!4 Baseline characteristics of these patients were 
more comparable with those of the present study, as 
were success rates. 
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Multiple regression analysis also showed New York 
Heart Association classification for exercise tolerance to 
be a significant factor influencing the number of ar- 
rhythmia-free days. No other parameters were signifi- 
cantly related to maintenance of sinus rhythm or re- 
lapse to atrial fibrillation or flutter. This is in contrast to 
previous studies in which factors such as previous dura- 
tion of the arrhythmia,”*-!!.27-29 age, gender, origin of 
the arrhythmia and left atrial size!®!38-3° were related 
to outcome. However, none of these studies stressed that 
New York Heart Association classification may be of 
importance for predicting outcome. 

Verapamil is not highly preventive when compared 
to quinidine.*© Therefore, we felt justified to use vera- 
pamil after the cardioversion to protect atrial flutter pa- 
tients from rapid ventricular rates in the event of a re- 
currence. 

We performed 24-hour Holter monitoring 1 month 
after electrical cardioversion to establish the value of 
24-hour Holter monitoring in predicting late recur- 
rences of the arrhythmia. This may be of clinical impor- 
tance concerning continuation of anticoagulative thera- 
py and starting or changing antiarrhythmic prophylac- 
tic treatment. However, for the pooled data sensitivity, 
specificity and positive predictive value were low, irre- 
spective of treatment modality. Incidence of supraven- 
tricular tachycardias was significantly lower in flecai- 
nide-treated patients (p <0.05). Although this did not 
predict absence of late recurrences it may be 1 of the 
factors by which flecainide prevents early recurrences. 
In addition, this may improve the quality of life signifi- 
cantly. 

Adverse effects occurred only during flecainide 
treatment. Four were related to negative dromotropic 
effects. These were found at the level of the sinus node, 
the atrioventricular node and the His-Purkinje system. 
Flecainide may unmask conduction system disease and 
provoke a sick sinus syndrome.*!-33 In 2 of our patients 
it was deemed necessary to implant a VVI pacemaker. 
Therefore, treatment with flecainide should be avoided 
in patients with known conduction disturbances or a 
sick sinus syndrome. 

Only 1 patient stopped flecainide treatment because 
of a symptomatic increase in the number of ventricular 
premature beats. In accordance with previously defined 
criteria~® this increase was considered a proarrhythmic 
response. Recently the Cardiac Arrhythmia Suppres- 
sion Trial has drawn attention to the relatively high in- 
cidence of severe proarrhythmic effects of class Ic anti- 
arrhythmic drugs in postmyocardial infarction patients. 
The low incidence of ventricular proarrhythmia in our 
study group is not surprising. Patients did not have clin- 
ical characteristics favoring the development of proar- 
rhythmia. Most important, however, is the fact that the 
maximum dose of flecainide used in this study was 300 
mg daily, with 86% of patients treated with 200 mg dai- 
ly. Widening of the QRS complex due to flecainide is 
dose-dependent and use-dependent. Excessive widening 
may therefore occur during rapid ventricular rates and 
is more likely with higher doses. Progressive widening of 


the QRS complex during the mere sinus tachycardia of 
exercise has been reported to deteriorate into a sus- 
tained ventricular tachycardia.*> Because patients with 
atrial fibrillation or flutter, in sinus rhythm after suc- 
cessful cardioversion, remain at risk for rapid ventricu- 
lar rates at the time of a recurrence, we advise use of 
only moderate doses of flecainide, not exceeding a total 
daily dose of 300 mg. 
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Usefulness of Serial Pulmonary Function Testing 
as an Indicator of Amiodarone Toxicity 


Jill A. Ohar, MD, Farris Jackson, Jr., MD, Robert M. Redd, MD, Gregory R. Evans, PhD, MPH, 
and Carlos W. Bedrossian, MD 


A prospective study was conducted of 189 patients 
treated with amiodarone, maintained at doses of 
400 to 800 mg/day and followed for up to 6 years. 
Only patients who had life-threatening ventricular 
arrhythmias unresponsive to conventional therapy 
were enrolled, and they underwent baseline pre- 
treatment pulmonary function tests, with follow-up 
testing every 6 months. Morbidity and mortality 
statistics were confirmed by chart review and pa- 
tient telephone interview. Of the 189 enrolled pa- 
tients, 101 are alive, 84 are dead and 4 are lost to 
follow-up. Amiodarone-induced toxicity to the neu- 
rologic system, lungs, thyroid or liver was the pri- 
mary or complicating cause of death in 12 of the 
84 patients who died. The overall prevalence of all 
these forms of toxicity was 15%. Sixty-nine per- 
cent of the patients with amiodarone toxicity had 
pulmonary toxicity alone or combined with other 
forms of toxicity. Pulmonary function test abnor- 
malities were noted at baseline in 75% of patients 
who had amiodarone-induced toxicity. The propor- 
tion of abnormal baseline pulmonary function tests 
was not significantly different among all toxic pa- 
tients, pulmonary toxic patients and nontoxic pa- 
tients. An evaluation of the decrease in pulmonary 
function over time could not distinguish patients 
who developed toxicity from those who did not. The 
observed incidence of pulmonary toxicity is consis- 
tent with published values; however, contrary to 
the findings of others, no statistically significant 
differences in pulmonary function at baseline or in 
changes over time were found between toxic and 
nontoxic patients. Differences from previous find- 
ings may be reflective of the more severe illness of 
the present population as evidenced by the high 
prevalence of abnormal pulmonary function at 
baseline and a high incidence of subsequent cardiac 
death. Two findings have not been previously re- 
ported: abnormal pulmonary function tests in pa- 
tients with amiodarone-induced toxicity in nonpul- 
monary organs, and the frequent finding of concur- 
rent multiple organ involvement in pulmonary toxic 
patients. The data indicate that pulmonary function 
tests are only a nonspecific indicator of pulmonary 
abnormalities in a population with preexisting car- 
diopulmonary disease. In the absence of a specific 
diagnostic test, diagnosis of amiodarone pulmonary 
toxicity rests on a constellation of characteristics 
compiled from pulmonary function tests, chest x- 
rays, physical signs and a compatible history. 

(Am J Cardiol 1989;64:1322-1326) 
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fective in controlling ventricular arrhythmias re- 

fractory to more conventional drugs. Growing 
evidence of amiodarone toxicity complicates this ad- 
vance. Toxic effects have been noted in the thyroid, cor- 
nea, liver and lung.!-8 Pulmonary toxicity is potentially 
life-threatening.?!° The most serious form of amioda- 
rone-induced lung toxicity is an interstitial fibrosis man- 
ifested by protean clinical signs and symptoms and vari- 
able pathology, which often occurs in a patient with pre- 
existing chronic lung disease. Proposed diagnostic tests 
alleged to be sensitive or specific for amiodarone pulmo- 
nary toxicity abound. Gallium scanning, chest x-ray, 
diffusing capacity for carbon monoxide, bronchoalveo- 
lar lavage and lung volume measurements are some of 
them. Basic agreement on the definition and incidence 
of toxicity and on the typical pathologic findings is lack- 
ing. We conducted a prospective study in a population 
of 189 patients treated with amiodarone, 400 to 800 mg 
daily, and followed for 1 to 6 years. The major objec- 
tives of the study were to determine the incidence of 
amiodarone-induced toxicity affecting multiple organ 
systems and specifically the incidence of amiodarone- 
induced pulmonary toxicity; and to evaluate possible as- 
sociations between clinical toxicity and abnormal base- 
line pulmonary function or longitudinal changes in pul- 
monary function. 


A miodarone is a proven antiarrhythmic agent ef- 


METHODS 

Patients were enrolled into a compassionate use pre- 
clinical drug study and were followed prospectively for 
up to 6 years. Patients began receiving intravenous ami- 
odarone because of incessant or frequent ventricular 
tachycardia episodes unresponsive to conventional intra- 
venous antiarrhythmic medications. Oral amiodarone 
therapy was instituted in patients who did not respond 
to conventional oral antiarrhythmic therapy for recur- 
rent sustained monomorphic ventricular tachycardia or 
ventricular fibrillation. Informed consent was obtained 
from all patients before drug initiation. Pretreatment 
pulmonary function tests were not performed in patients 
who received intravenous amiodarone but were obtained 
as soon as the patient was clinically stable. In patients 
initially receiving intravenous amiodarone, the drug was 
given at 1,200 to 2,000 mg/day for 3 to 7 days. Oral 
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amiodarone was then begun at 400 to 800 mg/day. In 
patients initially receiving oral amiodarone the loading 
dose was 800 to 1,200 mg/day with a similar tapering 
sequence. Morbidity and mortality statistics were con- 
firmed by chart review and patient or next of kin tele- 
phone interview. As part of the protocol, patients had 
full pulmonary function tests including standard spi- 
rometry, lung volumes and diffusing capacity for carbon 
monoxide. Tests were performed on a Collins DS 560 
system. Patients who were physically able had baseline 
pretreatment pulmonary function tests and serial pul- 
monary function tests over the next 1 to 43 months. 
Values <80% of predicted normal!!-!? for total lung ca- 
pacity or diffusing capacity for carbon monoxide!? were 
considered compatible with a restrictive ventilatory de- 
fect. Obstructive airways disease was defined by a first 
second vital capacity/forced vital capacity <69%.'4 

Pulmonary toxicity: The diagnosis of pulmonary 
toxicity was made by the presence of either clinical or 
pathologic criteria. Clinical criteria included the devel- 
opment of a new infiltrate or interstitial change on chest 
x-ray, complaints of dyspnea and physical findings of 
rales and tachypnea without other clinical evidence for 
pneumonia or congestive heart failure. Patients display- 
ing at least 2 of these 3 clinical toxicity variables were 
considered to have pulmonary toxicity. Evidence for 
pneumonia included fever, elevated white blood count 
and purulent sputum production with bacteria evident 
on gram stain. Evidence for congestive heart failure in- 
cluded leg edema, neck vein distension and S; gallop. 
Lung biopsy specimens, either open lung or transbron- 
chial, showing interstitial fibrosis on a trichrome stain 
of the histologic specimen or revealing type II cell hy- 
perplasia and atypia, were the pathologic criteria. 

Neurotoxicity and rash: The diagnosis of amioda- 
rone-induced neurotoxicity or rash was made on clinical 
grounds by exclusion of other etiologies. 

Liver toxicity: Indicators of liver toxicity included 
fibrolamellar changes with fibrosis on liver biopsy or ab- 
normal serum liver enzymes (>3 times normal). Pa- 
tients were required to have 1 of the 2 abnormalities 
with no evidence for pneumonia or congestive heart fail- 
ure to be considered toxic. 

Thyroid toxicity: Amiodarone-induced thyroid toxic- 
ity was defined as abnormal thyroid function document- 
ed by an elevated thyroid-stimulating hormone accom- 
panied by a normal or low T4 level. Amiodarone- 
induced hyperthyroidism was not observed in our popu- 
lation. 

Statistical methods: The ventilatory variables for to- 
tal lung capacity, percent predicted total lung capacity, 
first second vital capacity/forced vital capacity, diffus- 
ing capacity for carbon monoxide and percent predicted 
diffusing capacity for carbon monoxide were compared 
between toxic and nontoxic patients, for men and wom- 
en, separately and combined. The Student ¢ test was 
used to compare initial ventilatory variables between 
different groups. Paired ¢ tests were used to compare 
initial with follow-up ventilatory variables. Analysis of 
covariance was used to compare follow-up variables be- 
tween groups, adjusting for the baseline variables. A p 


TABLE I Toxicity Profile 


Total Liver Lung Thyroid Neuro 
Total Toxic Toxic Toxic Toxic Rash Toxic Cataract 


Alive 101 17 
Dead 84 12 
Lost 4 — 

Total 189 29 


* Several patients had combined toxicities; therefore, the numbers do not add up 
to the number of toxic patients. 





value <0.05 was considered significant. All results are 
reported as a mean + | standard deviation. 


RESULTS 

Morbidity: Of the 189 patients logged into the study 
population since 1980, 101 are known to be alive, 84 are 
dead and 4 have been lost to follow-up. Of the 4 lost 
patients, 3 were women who were followed receiving 
amiodarone for 4, 3 and 1 month, respectively, before 
they failed to return to clinic and follow-up telephone 
calls and letters failed to reach them. The fourth patient 
was a man who moved to a distant state without leaving 
a forwarding address soon after starting amiodarone. 
One hundred twenty-seven of the patients were men and 
62 were women. Twenty-nine of the patients developed 
amiodarone-induced toxicity to 21 organ, a prevalence 
rate of 15%. Patients followed were receiving amioda- 
rone for an average of 2.5 years or a total of 340 pa- 
tient-years, resulting in a toxicity incidence rate of 0.09 
case/patient-year. The duration of amiodarone therapy 
for all toxic patients, patients with pulmonary toxicity 
and nontoxic patients was 21 + 3, 25 + 4 and 25 + 2 
(mean + standard deviation) months, respectively, and 
did not differ significantly. 

Twenty-nine patients had some form of amiodarone 
toxicity. One had peripheral neuropathy, 3 had hepatic 
toxicity, 16 had pulmonary toxicity, 2 had thyroid toxic- 
ity, 2 had rash and 1 had a cataract. Combined toxici- 
ties were found in 4 patients. One had pulmonary toxic- 
ity and neuropathy, 1 had pulmonary and thyroid toxic- 
ity and 2 had combined pulmonary and hepatic toxicity 
(Table I). 

Discontinuation of amiodarone therapy was neces- 
sary in 64 of the 101 patients known to be alive at the 
time of data analysis. An additional 3 patients continue 
to receive amiodarone but at lowered doses due to an 
episode of pulmonary toxicity, and 34 continue to re- 
ceive the drug without known complications. Of the 64 
living patients who have discontinued amiodarone, 14 
failed because of some evidence of toxicity, 13 changed 
drugs because of persistent arrhythmias despite amioda- 
rone therapy, 3 underwent surgical ablation, aneurys- 
mectomy or implantation of an automatic defibrillator 
and 1 had spontaneous resolution of arrhythmia. Cause 
for change of therapy is unknown in the remaining 33 
patients. 

Mortality: Eighty-four of 189 (44%) patients died 
during the course of the present study. Crude death 
rates among all toxic, nontoxic and pulmonary toxic pa- 
tients were 41, 46 and 45%, respectively. The gender- 
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TABLE Il Baseline and Follow-Up Ventilatory Variables 


TLC 
(% pred) 


TLC 
(liters) 


Baseline values 
Toxic 
Nontoxic 
Dead 
Alive 
Female 
Male 
Toxic dead 
Toxic alive 
Nontoxic dead 
Nontoxic alive 

Follow-up values 
Toxic 
Nontoxic 
Dead 
Alive 
Female 
Male 
Toxic dead 
Toxic alive 
Nontoxic dead 
Nontoxic alive 





DLCO 
FEV/FVC (ml/min/ 
(%) mm Hg) 


DLCO 
(% pred) 


DLCO = diffusing capacity of carbon monoxide; FEV/FVC = first second vital capacity /forced vital capacity; pred = predicted; TLC = total lung capacity. 


specific death rates for men were 50% and for women 
33%. Duration of therapy differed significantly between 
dead (12.13 + 1.53 months) and living (30.26 + 1.85 
months) patients (p <0.001), probably because of their 
shortened survival. The prevalence of total toxicity 
among living patients was 17%, and that of pulmonary 
toxicity was 11%. Among those who died, the preva- 
lence of toxicity was 14%, and the prevalence of pulmo- 
nary toxicity was 11%. Among survivors, the incidence 
of toxicity was 0.07 case/patient-years, and the inci- 
dence of pulmonary toxicity was 0.04 case/patient-year. 
For patients who died during the study, incidences of 
toxicity and pulmonary toxicity were 0.14 case/patient- 
year and 0.11 case/patient-year, respectively. Pulmo- 
nary toxicity confirmed at autopsy was the primary 
cause of death in 3 patients. Toxicity was a complicat- 
ing cause of death or incidental finding at postmortem 
exam in an additional 9 of the 84 amiodarone-treated 
patients who died. Among these 9 patients, liver toxicity 
was noted in 1, pulmonary toxicity in 3, thyroid toxicity 
in 2, a combination of liver and pulmonary toxicity in 2 
and pulmonary and neurotoxicity in 1. 

Pulmonary toxicity: Of the 29 toxic patients, 20 
(69%) had pulmonary toxicity either alone or in combi- 
nation with other forms of toxicity. The incidence of 
pulmonary toxicity among the 189 patients followed re- 
ceiving amiodarone was 0.06 case/patient-year. The 
prevalence of pulmonary toxicity among all enrolled pa- 
tients was 11%. Confirmation of the diagnosis of pulmo- 
nary toxicity was by autopsy, open lung biopsy or trans- 
bronchial biopsy that revealed interstitial fibrosis in 
combination with phospholipidosis in 10 patients, and 
type II cell hyperplasia or atypia and phospholipidosis 
in 1 patient. New chest x-ray abnormalities and dys- 
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pnea without evidence of congestive heart failure or 
pneumonia, which resolved with drug withdrawal, led to 
the presumptive diagnosis of pulmonary toxicity in 9 pa- 
tients. In 2 of these patients, clinical evidence of pulmo- 
nary toxicity was accompanied by biopsy-proven liver 
toxicity. 

Liver toxicity: Five of the 189 patients (3%) were 
judged to have liver toxicity. Incidence of liver toxicity 
was 0.01 case/patient-year. Two of the 5 diagnoses 
were confirmed histologically. In the other 3, the diag- 
nosis was made on the basis of serum glutamic-oxalo- 
acetic or glutamic-pyruvic transaminase elevations to 
>3 times normal. 

Toxicity by sex: Seven of the 29 amiodarone-toxic 
patients were women (24%). Three (15%) of the 20 
patients with amiodarone-induced pulmonary toxicity 
were women. Among the 13 patients with biopsy-con- 
firmed toxicity (liver or lungs), only 1 patient was a 
woman (8%). Given the relatively large percentage of 
women originally entered in the study, 32% (62 of 189), 
and their smaller percentage of the toxic cases, women 
may be less susceptible to the toxic effects of amioda- 
rone. Our data, however, do not allow a firm conclusion. 

Pretreatment pulmonary function: Of the 189 amio- 
darone-treated patients, 104 were capable of performing 
baseline pretreatment pulmonary function tests. All 104 
were able to complete spirometric testing; however, only 
98 could complete lung volume testing. In 1 patient, 
small lung volumes precluded accurate assessment of 
diffusing capacity for carbon monoxide. Evidence of ob- 
structive airways disease with first second vital capaci- 
ty/forced vital capacity <69% was observed in 24% of 
tested patients (25 of 104). Total lung capacity was ab- 
normal in 21% (21 of 98), and diffusing capacity for 


carbon monoxide was <80% of the normal predicted 
value in 63% of patients (61 of 97). 

Among women, 6 of 29 tested (21%) had an abnor- 
mal pretreatment total lung capacity, 12 of 29 tested 
(41%) had an abnormal pretreatment diffusing capacity 
for carbon monoxide, and 3 of 31 tested (10%) had an 
abnormal pretreatment first second vital capacity/ 
forced vital capacity. Data for men were similar for to- 
tal lung capacity (22% abnormal) and first second vital 
capacity/forced vital capacity (30% abnormal), but not 
diffusing capacity for carbon monoxide (72% abnor- 
mal). The baseline diffusing capacity for carbon monox- 
ide measurements as percentage of predicted values was 
significantly lower in men (63 + 25%) than in women 
entered in this study (82 + 28%); however, their other 
initial ventilatory variables were similar (Table II). Ini- 
tial pulmonary function parameters (total lung capaci- 
ty, diffusing capacity for carbon monoxide, first second 
vital capacity/forced vital capacity and percent predict- 
ed for total lung capacity and diffusing capacity for car- 
bon monoxide) were similar in patients who later devel- 
oped toxicity when compared with those who did not 
(Table II). Patients who died during the study had a 
significantly lower initial total lung capacity percent 
predicted (78 + 20%) and diffusing capacity for carbon 
monoxide percent predicted (54 + 32%) compared to 
survivors (91 + 18% and 75 + 25%). This was also true 
for toxic patients who died during the study (71 + 21% 
and 56 + 27%) compared with toxic survivors (95 + 
15% and 90 + 27%). Initial total lung capacity percent 
predicted and diffusing capacity for carbon monoxide in 
patients who died during the study (85 + 18% and 53 + 
41%) was not significantly different from nontoxic pa- 
tients who survived (89 + 19% and 70 + 22%). Initial 
first second vital capacity/forced vital capacity was not 
statistically significantly different between groups eval- 
uated. 

Follow-up pulmonary function: Follow-up ventila- 
tory variables were adjusted for initial values and com- 
pared between groups using analysis of covariance. Fol- 
low-up ventilatory variables were similar in toxic and 
nontoxic patients. Both patients who died during the 
study and survivors had similar follow-up ventilatory 
values (Table II). When separated according to toxicity 
status, surviving nontoxic patients and nontoxic patients 
who died during the study did not have significantly dif- 
ferent follow-up values than did surviving toxic patients 
and toxic patients who died during the study. 

Serial pulmonary function: Initial and follow-up 
ventilatory variables were compared in individual pa- 
tients by a paired ¢ test. Duration of therapy was not 
significantly different in the 41 toxic, pulmonary toxic 
and nontoxic patients evaluated for serial pulmonary 
function. These values were 28 + 16, 33 + 16 and 33 + 
13 months, respectively. For evaluation of individual pa- 
tients a change >15% in any parameter was considered 
significant. Among the enrolled cohort, 24% (10 of 41) 
experienced significant declines in total lung capacity, 
34% (14 of 41) had decreases in diffusion and 16% (5 of 
31) had a decrease in first second vital capacity/forced 


vital capacity. Similar decreases were observed for toxic 
and nontoxic patients. Total lung capacity decreased in 
20% (2 of 10) of toxic patients and 26% (8 of 31) of 
nontoxic patients. Diffusing capacity for carbon monox- 
ide decreased in 20% (2 of 10) of toxic patients and 39% 
(12 of 31) of nontoxic patients. A decrease in first sec- 
ond vital capacity/forced vital capacity was not record- 
ed in toxic patients, but 16% (5 of 31) of nontoxic pa- 
tients had a significant decline over the observation pe- 
riod. These values did not indicate a difference between 
toxic and nontoxic patients. Paired values (initial and 
follow-up) were available for 41 patients. No difference 
between initial and follow-up values could be found 
when patients were evaluated by sex, toxicity status or 
mortality status. An apparent difference in the decline 
of diffusing capacity for carbon monoxide and first sec- 
ond vital capacity/forced vital capacity between men 
and women did not reach statistical significance when 
evaluated by analysis of covariance. The only significant 
change observed over time was a decrease in percent 
predicted total lung capacity in surviving patients. This 
significance was for all survivors and was not apparent 
when survivors were evaluated as subsets such as toxic 
survivors or nontoxic survivors. 

Pulmonary function tests as predictors of toxicity: 
Initial and follow-up ventilatory variables were available 
for 15 of the 29 toxic patients, and 10 of the 20 pulmo- 
nary toxic patients. Toxicity was confirmed by biopsy in 
7 of these 10 pulmonary toxic patients. No significant 
differences in initial values could be found between tox- 
ic and nontoxic patients. Similarly, no differences could 
be detected in follow-up ventilatory variables when 
comparing toxic to nontoxic patients; however, toxic pa- 
tients who died during the course of the study tended to 
have lower first second vital capacity/forced vital ca- 
pacity. Pulmonary function of patients who developed 
pulmonary toxicity at baseline and at follow-up over 
time was not distinguishable from that of nontoxic pa- 
tients (Table II). 


DISCUSSION 

The incidence of pulmonary toxicity we found is 
consistent with reported values.!5!6 However, no signifi- 
cant difference in pulmonary function at baseline or in 
follow-up could be identified between toxic and nontox- 
ic patients. Pulmonary function abnormalities at base- 
line and male sex were predictive of early mortality, be- 
cause those who died during the study had significantly 
lower baseline percent predicted total lung capacity and 
percent predicted diffusing capacity for carbon monox- 
ide and were more often men. Patients who died during 
the study failed to demonstrate significant change in 
any measured ventilatory variable while under observa- 
tion. Survivors showed a significant decrease in percent 
predicted total lung capacity over the study. Differences 
in our mortality and pulmonary function data from 
published studies may be reflective of the more severe 
illness in our study population as evidenced by the high 
prevalence of abnormal pulmonary function tests at 
baseline and the high incidence of subsequent cardiac 
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PULMONARY FUNCTION AS AN INDICATOR OF AMIODARONE TOXICITY 


death. Also of note is the occurrence of multiple organ 
toxicity in many patients found to have pulmonary tox- 
icity. Both the findings of worsening pulmonary func- 
tion tests in patients with nonpulmonary toxicity and 
the frequent finding of concurrent multiple organ in- 
volvement in patients with pulmonary toxicity have not 
been previously reported. 

An isolated decrease in diffusing capacity for carbon 
monoxide or total lung capacity did not constitute an 
acceptable criterion for pulmonary toxicity in our study. 
Notably, 52% of the patients not diagnosed as having 
any form of amiodarone toxicity developed a >15% de- 
crease in carbon monoxide diffusion at some time over 
the amiodarone treatment course. Chart review revealed 
overt congestive heart failure as the cause of this decline 
in approximately 25% of these patients; however, no dis- 
cernable cause was apparent for the others. 

Pulmonary toxicity is a relatively common sequela of 
amiodarone therapy. Reliable, reproducible criteria for 
its diagnosis are not currently available. Pulmonary 
function tests are an unreliable measure of amiodarone 
lung toxicity, because pulmonary function tests are a 
nonspecific indicator of pulmonary abnormalities in a 
population with preexisting cardiopulmonary disease. 
Therefore, reliance on 1 or 2 diagnostic indicators such 
as chest x-ray or pulmonary function tests may result in 
diagnostic errors. In the absence of a specific diagnostic 
test, the diagnosis of amiodarone toxicity rests on a con- 
stellation of characteristics compiled from pulmonary 
function tests and chest x-ray abnormalities, physical 
signs and compatible histology. 

We have observed that the development of toxicity 
to other organ systems concurrent with the development 
of pulmonary toxicity is a common occurrence not pre- 
viously reported. The impact of amiodarone toxicity on 
mortality, morbidity and the general state of well-being 
in the population at risk has not been assessed. Further 
investigation is needed to develop uniform criteria as to 
what constitutes amiodarone-induced pulmonary toxici- 
ty. A safe, efficacious mode of diagnosis must be found. 
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The significance of amiodarone toxicity in terms of ex- 
cess hospitalization and premature mortality should be 
determined. An investigation of amiodarone toxicity 
coupling epidemiology with the study of basic mecha- 
nisms of amiodarone-induced pulmonary injury should 
be initiated. Rational therapy and diagnostic strategies 
may then be developed on firm knowledge of pathogen- 
esis and patient outcome. 
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Operative Therapy of Atrioventricular Node 
Reentry and Results of an Anatomically Guided 
Procedure 


Osamu Fujimura, MD, Gerard M. Guiraudon, MD, Raymond Yee, MD, Arjun D. Sharma, MD, 
and George J. Klein, MD 


Operative therapy for atrioventricular (AV) node 


reentrant tachycardia consisting of dissection guid- 
ed by anatomic landmarks is described. Of the 21 
patients studied, 17 had the common type (“‘slow- 
fast”) and 4 had the uncommon type (“‘fast-slow’’) 
of AV node reentry. Under normothermic cardio- 
pulmonary bypass, perinodal dissection was per- 
formed guided by anatomic landmarks: the atrial 
membranous septum, posterior superior process of 
the left ventricle, tendon of Todaro and os of the 
coronary sinus. There were no deaths or major 
complications. Seven to 10 days postoperatively, all 
patients had normal AV conduction except for one 
who continued to have AV node Wenckebach-type 
block. Postoperatively, the shortest cycle length 
capable of 1:1 conduction over the AV node 
changed from 323 + 66 to 421 + 90 ms (p 
<0.0001) anterogradely and from 330 + 86 to 449 
+ 164 ms (p = 0.004) retrogradely. Anterograde 
effective refractory period of the AV node pro- 
longed from 264 + 49 to 358 + 107 ms (p = 
0.012). Discontinuous AV conduction curves were 
no longer seen in 14 of 17 patients and 5 patients 
lost retrograde conduction. During follow-up (14.8 
+ 8.2 months), 19 patients have been free of ar- 
rhythmia without medication. Two patients re- 
quired a second operation for recurrent tachycardia 
with success. No patient required a permanent 
pacemaker. These data show that operative thera- 
py of AV node reentrant tachycardia can be guided 
by anatomic landmarks. Successful cure of tachy- 
cardia with perinodal dissection while preserving 
AV node conduction supports the view that the re- 
entrant circuit is, at least in part, perinodal. 

(Am J Cardiol 1989;64:1327-—1332) 
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node reentrant tachycardia after a failed attempt 

at cryoablation of the AV node! demonstrated 
the feasibility of a prospective cure of tachycardia with 
preservation of anterograde AV conduction. Ross et al? 
reported an operation based on intraoperative mapping 
of the retrograde limb of the reentrant circuit during 
AV node reentrant tachycardia in patients with intrac- 
table AV node reentrant tachycardia. Subsequently, 
Cox et al? described perinodal cryoablation using “ice 
mapping” to delineate the AV node and prevent AV 
block. We found that intraoperative mapping had limi- 
tations in guiding operative therapy and describe our 
results with peri-AV node dissection guided exclusively 
by anatomic landmarks. 


Pi ree ree surgical cure of atrioventricular (AV) 


METHODS 

Patients: The patient population consisted of 21 pa- 
tients (18 female and 3 male), aged 9 to 59 years (30 + 
15, mean + 1 standard deviation), with frequent epi- 
sodes of symptomatic AV node reentrant tachycardia 
(Table I). All underwent surgical modification of the 
AV node because of drug-refractory tachycardia or in- 
tolerance to drug therapy. One patient declined drug 
therapy and elected to have surgery as an initial option. 
Patients had tachycardia for a mean of 8.5 years (range 
2 to 26). One patient had mild aortic regurgitation but 
no other patient had coexistent organic heart disease. 
Five patients had coexistent preexcitation syndromes. 
Two patients had an AV accessory pathway while 3 had 
a “nodoventricular Mahaim” pathway.4 Two patients 
also had documented paroxysmal atrial fibrillation and 
1 had sinus node dysfunction with previous implantation 
of a ventricular demand pacemaker. 

Preoperative electrophysiologic studies: Electro- 
physiologic studies were performed in the nonsedated, 
postabsorptive state at least 5 drug half-lives after all 
antiarrhythmic drugs had been discontinued. Verbal 
and written informed consent was provided by each pa- 
tient for both this study and the subsequent operative 
procedure. Multipolar electrode catheters were posi- 
tioned in the high right atrium, right ventricular apex 
and coronary sinus, and across the tricuspid valve for 
His bundle recording. Intracardiac electrograms were 
recorded simultaneously with surface leads I, II, IH, V; 
and Vę on a Siemens Mingograph 16 channel paper re- 
corder at a paper speed of 100 mm/s. The heart was 
stimulated with 2 ms? wave current pulses at twice the 
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TABLE I Patient Characteristics 


Age (yrs), Duration Drug Trials 


Pt Sex (yrs) (n) Associated Condition 


AF, NV-Mahaim 
AF 
WPW (left lateral) 


p . 


OMAN AO A WNE 
— 
NOCA RP WONKMNYONGTANNO OYUN OO 


þe j 


WPW (posteroseptal) 
0 


34, F 
41,F 
46, F 
34, F 
59, F 
21,M 
31,F 
54, F 
19, F 
56, F 
19, F 
24, F 
30, F 
24, F 
24, F 
9, F 
18,M 
19, F 
10,M 
BF 
39, F 


AF = atrial fibrillation; AR = aortic regurgitation; NV-Mahaim = “nodoventricular” 
i ick si = previous implantation of ventric- 


diastolic threshold amplitude. Programmed stimulation 
consisted of incremental atrial and ventricular pacing 
and single extrastimulus testing at 2 drive cycle lengths 
(600 or 500 and 400 ms). The diagnosis of AV node 
reentrant tachycardia was based on standard criteria,® 
including: (1) presence of discontinuous anterograde or 
retrograde AV node conduction curves (“dual AV node 
pathways”) with incremental pacing or extrastimulus 
testing; (2) initiation of tachycardia after critical AH 
prolongation; (3) concentric pattern of retrograde atrial 
activation during tachycardia with earliest atrial activa- 
tion occurring at the His bundle or proximal coronary 
sinus; (4) failure of premature ventricular extrastimuli 
to advance atrial activation when delivered during the 
tachycardia at a time when the His bundle was refrac- 
tory; and (5) shortest ventriculoatrial interval <60 ms 
at the His bundle during the usual or common (“slow- 
fast”) tachycardia. 

Intraoperative procedures: The heart was ap- 
proached through a median sternotomy. Hexapolar 
plaque reference electrodes were applied to the right 
atrial and right ventricular epicardium. Surface electro- 
cardiographic leads I, II and III were recorded with 
right atrial and right ventricular reference electrodes. 
The epicardial pattern of retrograde atrial activation 
was first mapped during reentrant tachycardia with a 
hand-held probe using a protocol similar to that used in 
surgery for the Wolff-Parkinson-White syndrome.’ The 
right atrium was then opened to expose the region of 
the AV node. Endocardial mapping was performed dur- 
ing the tachycardia using unipolar hexapolar electrodes 
positioned over and around the AV node. The electrodes 
were approximately 1 mm apart and arranged rectan- 
gularly. Atropine or isoproterenol was given intrave- 
nously when indicated to facilitate induction of tachy- 
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TABLE ll Tachycardia Characteristics 
Preoperative EPS Postoperative Results 


Spontaneous 
RT Recurrence 


Presence of Dual 
AV Nodal Pathways 


Dual AV 
Nodal Pathways 


RT CL 
(ms) 


Ant and Ret 
Ant 
No 
Ant and Ret 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Ant and Ret 
Ant 
Ant and Ret 


Ant = anterograde; EPS = electrophysiology study; Ret = retrograde; RT CL = 
reciprocating tachycardia cycle length. 





cardia. In patients in whom tachycardia could not be 
induced intraoperatively, mapping was performed dur- 
ing right ventricular pacing. 

AV node dissection was guided using the following 
anatomic landmarks: the atrial membranous septum, 
posterior superior process of the left ventricle, tendon of 
Todaro and os of the coronary sinus (Figure 1). These 4 
anatomic structures circumscribe an area where the in- 
termediate portion of the AV node is situated under- 
neath the septal right atrial wall. AV node dissection 
was carried out on the beating heart under normother- 
mic cardiopulmonary bypass as follows. The anterior 
septal and posterior septal regions were approached epi- 
cardially and the AV fat pad dissected away from the 
AV anulus; the right atrial wall was incised along the 
septal segment of the tricuspid anulus; the AV node was 
approached endocardially; the septal right atrial wall 
was carefully mobilized to expose the AV node; the ten- 
don of Todaro was identified and constituted the poste- 
rior limit of the dissection; and the “intermediate” AV 
node was identified by its oblique and yellowish fibers. 
In patients with coexistent preexcitation syndrome, sur- 
gery was performed for preexcitation using the epicardi- 
al approach’ before surgery for AV node reentry. 

Postoperative electrophysiologic testing and follow- 
up: Postoperative electrophysiologic assessment was 
performed 9 to 10 days after surgery just before hospi- 
tal discharge. Atrial and ventricular epicardial pacing 
wires that had been applied at the time of surgery were 
connected to the stimulator. A single tripolar electrode 
catheter was placed across the tricuspid valve for His 
bundle recording. The programmed stimulation proto- 
col was the same as that used in the preoperative study. 


After the baseline study, 15 patients were given atropine 
0.03 mg/kg followed by propranolol 0.15 mg/kg intra- 
venously to achieve autonomic blockade. Repeat pro- 
grammed stimulation was performed after each drug. 

No antiarrhythmic medication was prescribed to pa- 
tients at discharge. Follow-up information was obtained 
by direct contact with patients or through the referring 
physician. 

Statistical analysis: Group data are expressed as the 
mean + 1 standard deviation. Electrophysiologic data 
obtained before and after surgery were compared using 
the 2-tailed paired Student’s ¢ test. Analysis of variance 
with repeated measures was applied to evaluate the re- 
lation among control, atropine, treated and combined 
atropine and propranolol treatment groups during post- 
operative electrophysiologic studies. The Bonferroni t 
test was used to identify significant differences. In the 
absence of retrograde conduction over the AV node 
(ventriculoatrial conduction) after surgery, the longest 
cycle length tested was used as a conservative approxi- 
mation of the Wenckebach cycle length for statistical 
analysis. Two patients underwent a second surgical at- 
tempt at AV node modification. Only data related to 
the first operation were analyzed. Data were excluded 
from statistical analysis if exact values for the effective 
refractory period of the AV node could not be obtained. 
A p value <0.05 was considered statistically significant. 


RESULTS 
Tachycardia characteristics: At the preoperative 
electrophysiologic study, tachycardia was induced in 20 





FIGURE 1. Anatomic landmarks used for atrioventricular dis- 
section. Atrial membranous septum (AMS), left ventricle (LV), 
tricuspid valve (TRI), os of the coronary sinus (CS) and tendon 
of Todaro (TODARO) are shown. The atrioventricular node 
(AVN) is situated underneath the septal right atrial wall at the 
apex of the triangle of Koch. 
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of 21 patients while only multiple AV node echo cycles 
were induced in 1 patient (Table II). The common type 
of AV node reentry (“slow-fast”) was induced in 17 pa- 
tients while the uncommon (“fast-slow”) type was in- 
duced in 4 patients. Discontinuous or “dual” antero- 
grade AV node conduction curves were observed in 10 
patients while 2 manifested retrograde dual pathways 
only and 5 had dual AV node pathways in both direc- 
tions. 

Intraoperatively, AV node reentrant tachycardia 
could be induced in only 9 patients. Earliest retrograde 
atrial activation during tachycardia occurred at the AV 
node; however, activation of the anterior and posterior 
perinodal regions during tachycardia did not differ by 
>5 to 10 ms in any patient. Analysis of the activation 
pattern during right ventricular pacing was similar. 

In the immediate 48-hour postoperative period, tran- 
sient AV block was present in 10 patients and ventricu- 
loatrial dissociation in 15 patients. Normal anterograde 
conduction over the AV node resumed in 9 of the pa- 
tients within 7 days but patient no. 16 continued to have 
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dual AV nodal pathways were present preoperatively (open 
circles). After surgery (solid circles), slow pathway conduc- 
tion has been abolished and the effective refractory period is 
determined by the fast pathway. This patient had no recur- 

rence of tachycardia. A;A2 = atrial deflection on His bundle 

electrogram; H,H2 = His deflection. 
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AV node Wenckebach-type block during normal sinus 
rhythm that was resistant to atropine. Five patients con- 
tinued to have ventriculoatrial dissociation at the time 
of discharge. Two patients had new right bundle branch 
block. 

At the predischarge postoperative study (7 to 10 
days), nonsustained AV node reentrant tachycardia was 
induced in 1 patient. Sustained AV node reentrant 
tachycardia was induced with isoproterenol infusion in 
another patient. Both patients continued to manifest 
dual pathways. A third patient (patient no. 1) had dual 
AV node pathways but tachycardia was not inducible 
despite atropine and isoproterenol infusion (Figure 2A). 
Dual AV node pathways were lost in 14 of 17 patients. 
In 12 of these patients, the slow pathway was lost so 
that the effective refractory period of the AV node after 
surgery was similar to the effective refractory period of 
the fast pathway preoperatively (Figure 2B). In the oth- 
er 2 patients, loss of the discontinuity was not associated 
with any change in the retrograde or anterograde effec- 
0<.000! tive refractory period or shortest cycle length maintain- 
ing 1:1 conduction over the AV node. Retrograde con- 
duction over the AV node was lost in 5 patients. 

Effects of surgery on atrioventricular node conduc- 

x = tion properties: The AH (65.9 + 20.3 vs 67.4 + 24.8 
E ce See eee ms) and HV (41.3 + 6.8 vs 41.1 + 7.9 ms) intervals 
were unchanged (difference not significant in each). 
The shortest paced cycle length with 1:1 conduction 
over the AV node prolonged from 323 + 66 to 421 + 90 
ms (p <0.0001) anterogradely and from 330 + 86 to 
o NO VA CONDUCTION 449 + 164 ms (p = 0.004) retrogradely (Figure 3). The 
effective refractory period of the AV node prolonged 
from 264 + 49 to 358 + 107 ms (p = 0.012). 

In 15 patients, programmed stimulation was repeat- 
ed after atropine and propranolol to achieve autonomic 
blockade (Figure 4). The anterograde AV node effec- 
tive refractory period shortened after atropine (380 + 
101 vs 343 + 99 ms). Addition of propranolol prolonged 
the effective refractory period to initial values (399 + 
108 ms). Similar changes in the shortest cycle length 
maintaining 1:1 anterograde (control 358 + 48; atro- 
pine 314 + 47 ms; atropine plus propranolol 400 + 76 
ms; p <0.0001) and retrograde (control 424 + 91; atro- 
pine 314 + 47; atropine plus propranolol 400 + 76 ms; 
p <0.0001) conduction were observed. 

Follow-up: Patients have been followed-up for 14.8 
+ 8.2 months (range 3 to 34) during which 2 patients 
had recurrence of tachycardia (patients no. 6 and 13). 
Patient 6 originally had the common type of AV node 


on 
O 
O 


ANTEROGRADE SCL I:I (msec) 


RETROGRADE SCL |:! (msec) 


FIGURE 3. This figure compares the anterograde (A) 
and retrograde (B) shortest paced cycle length 
1:1 1 conduction over the AV node (SCL 1: 1) and the 


AV node modification. Surgery increased anterograde SCL 

1:1 from 323 + 66 to 421 + 90 ms (19 patients) and 
retrograde SCL 1:1 from 330 + 86 to 449 + 164 ms (20 
patients). The anterograde AV node effective refractory 
PRE-OPERATIVE POST-OPERATIVE a E dat 7 eed Sead bree 

both studies. The open triangles represent the 2 patients with 
clinical recurrence of tachycardia after surgery. 
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reentry but presented with the uncommon type postop- 
eratively. One patient (no. 16) continued to have sec- 
ond-degree (Mobitz I) block in the AV node 1 year af- 
ter surgery but remained asymptomatic. Patient no. 1 
developed nonsustained palpitations, approximately 1 
year later. She had AV node reentry (“slow-fast”) with 
intact ventriculoatrial conduction over the fast pathway 
preoperatively. A repeat electrophysiologic study 1 year 
after surgery showed continued presence of dual AV 
node pathways (Figure 1A) and limited retrograde AV 
node conduction. Only nonsustained AV node reentrant 
tachycardia (“fast-slow”) type was induced. Both pa- 
tients with recurrence of clinical tachycardia subse- 
quently underwent a second operation 1 year after the 
first surgery. Neither has had further attacks (5 and 15 
months) since the second operation. No patient had a 
complication and none required implantation of a per- 
manent pacemaker. 


DISCUSSION 

Mapping versus anatomically guided surgery: For- 
tuitous surgical cure of AV node reentrant tachycardia 
after attempted cryoablation of the His bundle was re- 
ported by Pritchett et al! in 1979. However, it was not 
until 1985 that Ross et al? described an operation for 
this arrhythmia in 10 consecutive patients. Their dissec- 
tion techniques depended on the site of earliest retro- 
grade atrial activation during tachycardia. The posteri- 
or approaches of the AV node via the crista terminalis 
were preserved when atrial activation in tachycardia 
was earliest at the apex of the triangle of Koch. The 
medial approaches were left intact when earliest activa- 
tion was recorded near the os of the coronary sinus. Cox 
et al? described a cryosurgical technique in 8 patients. 
Perinodal cryoablation was performed, using “ice map- 
ping” to define the limits of the AV node and prevent 
AV block. 

Our surgical technique was entirely dependent on 
anatomic landmarks because of the difficulties encoun- 
tered applying usual mapping techniques in this region. 
AV node reentrant tachycardia could not be induced in 
all patients after atriotomy. The superficial anatomic 
position of the AV node makes it very sensitive to con- 
tusion and cardiac manipulation. When tachycardia 
was induced, the resolution of retrograde atrial activa- 
tion was inadequate to guide the procedure in the classic 
way because of the small size of the reentrant circuit. 
That is, activation occurred at the AV node but fewer 
than 5 to 10 ms differentiated the anterior from the 
posterior margins. Thus, the goal of surgery was to dis- 
sect all inputs to the AV node except those from the left 
atrium via the deep “intermediate” zone based on the 
view that a critical part of the reentrant circuit was ex- 
tranodal. Although AV (48%) or ventriculoatrial (71%) 
block was frequent immediately postoperatively, all pa- 
tients regained normal anterograde conduction over the 
AV node postoperatively except one who continued to 
have Wenckebach AV block. 

With our approach, we achieved a primary success 
rate of 90% and a secondary success rate of 100% (2 


reoperations) during the follow-up period of up to 32 
months. There was no mortality and no morbidity as 
described with previous techniques.2> Surgical success 
was highly probable when retrograde AV conduction or 
discontinuous AV node conduction curves were absent 7 
to 10 days postoperatively. 

Insights into the mechanism of cure of atrioventric- 
ular node reentrant tachycardia: Controversy still sur- 
rounds the exact site of the AV node reentrant circuit. 
Some experimentals? and clinical data!®!! support the 
view that the circuit is all intranodal. Others,'? using an 
isolated rabbit heart preparation, provided evidence for 
incorporation of atrial tissue in an arrhythmia similar to 
AV node reentry. Iinuma et al!? further showed that 
discontinuous curves characteristic of dual AV node 
pathways could be reproduced when the perinodal re- 
gion was the site of one of the pathways. 

Successful cure of AV node reentrant tachycardia 
may depend on nonspecific damage to the AV node or, 
alternatively, to specific destruction of a component of 
the reentrant circuit. Results of postoperative testing 
suggest that the latter is correct with part of the circuit 
having been ablated without extensive general damage 
to the AV node. Successful surgery was usually accom- 
panied by loss of the anterograde slow pathway with 
little change in the anterograde fast pathway or by loss 
of retrograde conduction with preservation of antero- 
grade conduction. In addition, these changes were not 


p <0.000l1 


eee 


SCL 
boa 
oO 98 
oO 


Lid 
Q 
<q 
ia 
© 
O 
oO 
LiJ 
p 
PA 
< 


* I| VS2 
** 2 VS s |o<00s 
+| VS3 


p <0.000l1 


Se = SI 


RETROGRADE 


CONTROL ATROPINE ATROPINE 
PROPRANOLOL 





FIGURE 4. Effect of pharmacologic autonomic blockade on 
AV node conduction properties after surgery. Resting auto- 
nomic tone was balanced with shortening of refractoriness 

after atropine and restoration to control after propranolol. 

Abbreviations as in Figures 2 and 3. 
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due to loss of autonomic tone since intact resting vagal 
and sympathetic tone was demonstrated postoperative- 
ly. This supports the view that distinct pathways 
described physiologically have anatomic counterparts, 
some of which may be perinodal fibers. It would be 
more difficult to reconcile the effects of this type of sur- 
gery if one postulated nonspecific damage to the AV 
node alone, although this is not definitively proved. 

Results from a single patient suggest that the antero- 
grade fast pathway was different from the retrograde 
fast pathway. This patient had anterograde dual AV 
node pathways and “slow-fast” AV node reentry preop- 
eratively. A repeat study 1 year after surgery showed 
preservation of dual AV node pathways but with loss of 
retrograde conduction over the fast pathway. In addi- 
tion, nonsustained “fast-slow” AV node reentry was in- 
duced. This suggests that the anterograde fast pathway 
is anatomically distinct from the retrograde fast path- 
way. 

Limitations: There are pertinent limitations to our 
conclusions. First, our intraoperative mapping tech- 
niques did not have sufficient resolution to localize the 
reentrant circuit, nor could reentrant tachycardia be in- 
duced in all patients during surgery. A detailed map of 
this small region necessitates the design of multiple fine 
Closely spaced electrodes that do not contuse the AV 
node. Second, some direct injury to the compact AV 
node cannot entirely be ruled out as a mechanism of 
cure although histologic data indicate that a perinodal 
ablation can be performed without damaging the node 
itself.'4 Finally, this technique requires considerable fa- 
miliarity with the anatomy of the region and its success 
will probably be highly operator dependent. Nonethe- 
less, these data support the view that curative surgery 
for AV node reentry guided by anatomic landmarks is 
feasible in a predictable fashion with no mortality. 
Long-term results are predictable using the results of 
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electrophysiologic testing 1 week after surgery. These 
data also suggest that AV node reentry may actually 
incorporate extranodal atrial tissue as part of the re- 
entrant circuit. 


Acknowledgment: We thank Susan Muir and Sheila 
Doan for preparation of the manuscript. 
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SYSTEMIC HYPERTENSION 


Univariate Genetic Analysis of Blood Pressure 
in Children (The Medical College of Virginia 





Twin Study) 
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The relative contributions of genetic, individual 


environmental and shared environmental effects on 
resting blood pressure (BP) and heart rate (HR) 
were studied in prepubescent twins. The study pop- 
ulation consisted of 251 caucasian 11-year-old 
twin pairs. Correlations were higher for all vari- 
ables in monozygotic twins compared to dizygotic 
twins; this is consistent with a significant genetic 
effect. Path analysis revealed that the model of ad- 
ditive genetic and individual environmental effects 
fit systolic BP, diastolic BP and HR. In boys and 
girls, sex-specific genetic effects controlled systolic 
BP. The magnitudes of the sex-specific genetic ef- 
fects on systolic BP were similar in both boys and 
girls and accounted for 66% of the variance. In 
boys, for diastolic BP, genetic effects accounted for 
64% of the variance while in girls they accounted 
for 51%. These results provide no evidence for dif- 
ferent genetic effects on HR in boys or girls. No 
shared environmental effects were detected. The 
large sample size and design, using different-sex 
dizygotic twins of the same age, establish that 
genes play an important role in the influence of 
resting BP and HR and that there are sex-specific 
genetic contributions in early pubertal children. 
(Am J Cardiol 1989;64:1333-1337) 
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any previous epidemiologic studies have shown 
JM cents correlations in sequential measure- 

ments of blood pressure (BP) (“tracking”), 
which increase progressively during infancy and child- 
hood, reaching levels of 0.5 to 0.6 in adult subjects.'~4 
Twin and family studies have also revealed a significant 
familial aggregation of BP measurements, with herita- 
bility estimates of 0.4 to 0.5.58 These 2 observations 
have led to the hypothesis that a high-normal BP may 
be the childhood antecedent of adult hypertension, a 
concept on which adolescent screening and intervention 
programs are currently based.? 

Newer genetic methodology, using path analysis, has 
been used to quantitate the relative effect of genes and 
environment on the level of BP in adopted children.!° 
We have used the power of path analysis to study the 
regulation of resting BP and heart rate (HR) in a popu- 
lation of early pubertal twin children. We describe our 
results using univariate path analysis to quantitate the 
relative contributions of genes and environment to the 
variance of hemodynamic measures. 


METHODS 

Population: We identified 341 twin pairs living in 
the Commonwealth of Virginia using school rosters. All 
twins were examined as close as possible to their elev- 
enth birthdays. From the total population of 341 twin 
pairs, 251 caucasian twin pairs made up the sample for 
this study. For analysis, the subjects were divided into 5 
groups by zygosity and sex. The designation twin 1 or 
twin 2 was by birth order except in the case of opposite- 
sex twins where boys were designated twin 1. 

ZYGOSITY DETERMINATION: Zygosity was assessed ini- 
tially by a questionnaire and confirmed by blood group 
and enzyme testing of the twins and their parents. HLA 
typing was also performed. With this battery of poly- 
morphisms, the probability of dizygosity for concordant 
pairs typically is <0.001.!! 

TANNER STAGE: Sexual staging of all children was 
performed using a 5-scale score based upon Tanner’s 
criteria.!* 

BLOOD PRESSURE: Blood pressure was measured in the 
sitting position using a mercury sphygmomanometer 
with the appropriate compression cuff. The pressure 
within the compression cuff indicated by the level of the 
mercury column at the murmur of the first, fourth and 
fifth phase Korotkoff sounds was recorded. The BP was 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 1, 1989 1333 


ieee 


ate oe Ee 


GENETICS OF CHILDREN’S BLOOD PRESSURE 


TABLE I Blood Pressure and Heart Rate at Rest, by Zygosity and Sex of Twins 


Systolic BP 


Monozygotic twins Male-male Mean 
SD 
p value 


Female-female 


p value 
no. 


Dizygotic twins Male-male Mean 
SD 
p value 


Female-female 


Male-female 


BP = blood pressure; no. = number of twin pairs; SD = standard deviation. 


recorded 3 times while the pulse rate was measured 
with a cardiotachometer. The mean of the 3 measure- 
ments was used in the analysis. 

Statistical analysis: We used the method of model 
fitting for the genetic analysis of the data.!3 Briefly, the 
approach provides estimates and tests of significance for 
the parameters and provides a test of the assumptions 
implied in the model. 

The method of path coefficients!*-!8 was used to 
specify the expected contributions of genetic and envi- 
ronmental variables to the variances and covariances of 
the 5 groups of twins. The method of maximum likeli- 
hood was used to provide parameter estimates, tests of 
significance of individual parameters and overall tests of 
goodness of fit. The genetic application of this approach 
is described more fully elsewhere.!?2° Path models were 
specified and fitted using the LISREL VI program?! for 
the structural analysis of covariance matrices.2” 

Figure 1 shows the path diagrams. Figure 1A shows 
the form of the model for same-sex twins. The latent 
(unobserved and causal) variables are: the (additive) 
genetic effects on each twin (G, and G»); the environ- 
mental effects shared by members of twin pairs (C; and 
C2) and the environmental effects unique to each indi- 
vidual twin within a pair (E; and E2). These latent vari- 
ables are assumed to have unit standard deviation. The 
correlation between the genetic effects (y), is unity for 
monozygotic twins. For dizygotic twins, the correlation 
is one half when mating is random. The correlation be- 
tween the shared environmental effects (C; and C3) is 
unity. The residual environmental effects, E; and E», 
are uncorrelated. The regression of the phenotypes of 
the twins, T; and T>, on the latent variables is specified 
by the path coefficients; h (path from genotype to phe- 
notype); c (from common environment to phenotype) 
and e (from individual environment to phenotype). 
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Diastolic BP Heart Rate 





Figure 1B shows the path model for different-sex 
twin pairs that are necessarily dizygotic. The model al- 
lows for 2 kinds of sex differences in genetic and envi- 
ronmental effects. The relative magnitudes of the ef- 
fects may differ between sexes, represented in the model 
by using h, c and e for path coefficients in boys and h’, 
c’ and e’ for the corresponding values in girls. In addi- 
tion, we allow for the possibility that different genes and 
qualitatively different shared environments may con- 
tribute to each sex by allowing the correlation between 
the genetic influences on males and on females (rp) to 
be less than unity and hence the overall genetic correla- 
tion for unlike sex dizygotic twins (2 rp) to be <0.5. 
Similarly, the correlation between the shared environ- 
mental influences on males and on females (r,) is al- 
lowed to be less than unity.!? 


RESULTS 

The mean age of the twins was 11.14 + 0.25 (stan- 
dard deviation) years. The mean levels of BP and HR 
are listed for the 5 types of twins grouped by zygosity 
and sex in Table I. Mean differences were evaluated by 
pooled ¢ test. Overall, boys had both a lower diastolic 
BP and HR than girls (p <0.01) and dizygotic twins 
had a higher systolic BP than monozygotic twins (p 
<0.05). Girls were more sexually mature than boys by 
Tanner staging (mean + standard deviation 2.14 + 0.91 
vs 1.70 + 0.61; p <0.001). 

Pearson correlation coefficients for the 3 variables 
by twin type (twin 1 vs twin 2) are listed in Table II. 
For all 3 hemodynamic variables, monozygotic twins 
were highly correlated. In addition, the correlations 
were higher in the monozygotic than the dizygotic twins 
(p <0.01). For the 3 types of dizygotic twins, much low- 
er correlations were observed, in keeping with the order 
of correlations observed in family aggregation studies. 


The chi-square tests for differences among correla- 
tions% for the 2 types of monozygotic twins and the 3 
types of dizygotic twins indicated that the correlations 
may be pooled across sex types. Low correlations in the 
male-female pairs for systolic and diastolic BP were 
present. 

The model-fitting results are summarized in Table 
III. Maximum likelihood parameter estimates are pre- 
sented for the most parsimonious model that fits the 
data. Parameters are expressed as estimated percent- 
ages of the total phenotypic variance due to the 3 main 
sources: genes (h*), shared environment (c?) and indi- 
vidual environment (e?). For each variable, 4 chi-square 
statistics are given. The first is the goodness of fit chi- 
square, which is used to test the agreement between ob- 
served and predicted statistics. A large chi-square indi- 
cates poor fit. The second chi-square tests for the pres- 
ence of a shared environmental effect. It assesses the 
effect of setting c = 0. That is, it assesses the loss of fit 
due to eliminating the shared environmental effect from 
the model. In no case was the loss of fit significant. The 
third chi-square measures the loss of fit associated with 
assuming that the same genes affect boys and girls (rp 
= 1). The loss of fit was significant for systolic BP. Fi- 
nally, for diastolic BP, the fourth chi-square shows a 
significant loss of fit when the genetic parameters were 
constrained to be equal in boys and girls (chi-square = 


TABLE Il Pearson Product Moment Correlations, by 
Zygosity and Sex of Twins, with Tests for Homogeneity 


twins Female-female 0.61 0.50 0.60 


Monozygotic Male-male 0.68 0.67 0.69 
Pooled 0.65 0.59 0.65 

Chi-square 0.50 2.37 0.83 

p value 0.48 0.12 0.36 

Dizygotic Male-male 0.34 0.50 0.36 
twins Female-female 0.40 0.44 0.24 
Male-female —0.02 0.02 0.24 

Pooled 0.17 0.25 0.27 

Chi-square 3.96 5.76 0.28 





4.8; df = 1; p <0.05). Although our best model for dia- 
stolic BP suggests sex-specific genetic effects, a model 
showing the same genes operating with different magni- 
tudes cannot be excluded. 

The simple univariate model that allowed for the ad- 
ditive effects of genes (h) and the environmental effects 
unique to the individual (e) fit for heart rate (Table 
III). The model did not detect shared environmental ef- 
fects for any variable. For all of the variables the addi- 
tive effects of genes accounted for half or more of the 
variance. The genes influencing systolic BP were differ- 





FIGURE 1. A, path diagram for same-sex twin pairs. The phenotypes of the twins (T;, T2) are modeled as being determined by 
additive genetic effects (G,, G2), environmental effects common to both twins (C1, C2) and environmental effects specific to 

each twin (E1, E2). y = the correlation of genetic effects ontwin 1 with those on twin 2. For monozygotic twins, y = 1. For 
dizygotic twins, y = 0.5. B, path diagram for different-sex twin pairs. Additive genetic, common environmental and specific envi- 
ronmental effects are allowed to exert different effects upon the male twin and female twin. The parameter r, represents the 
correlation between the genetic effects in the male and female twins. The parameter r, represents the correlation of the effects 
of the common (shared) environment on the male and female twins. 
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GENETICS OF CHILDREN’S BLOOD PRESSURE 


TABLE Ill Analysis Results 


SystolicBP DiastolicBP Heart Rate 
“Best” model hh’er, = 0 
Parameter estimates (%) 
64411 


Shared environment tests 
Chi-square 

df 

p value 


Sex differences tests: 

l'h 7 1 tests 

Chi-square 

df 

p value 
h =h’ tests 

Chi-square 

df 

p value 


Parameter estimates are + standard error. 


ent in boys and girls, but accounted for a similar portion 
of the variance. For diastolic BP, the genes accounted 
for differing portions of the variance in boys and girls. 
Due to a larger diastolic BP variance in boys, the single 
specific environmental effect (e) accounted for different 
proportions of variance in boys and girls. 


DISCUSSION 

Although other family and genetic studies have 
demonstrated that genes play a prominent role in deter- 
mining the level of BP in children,>* our study quanti- 
tates this genetic contribution and partitions the relative 
contributions of the specific and common environmental 
effects. The strength of this study lies in its large sample 
size and design features. To minimize the effects of age 
and of genotype by age interaction on twin resemblance, 
all twins were measured as near as possible to their elev- 
enth birthday. Special efforts were made to include a 
representative sample of different-sex twins to allow us 
to test for sex differences in either genetic or environ- 
mental effects on blood pressure. There was no evidence 
that the shared environment played any significant role 
in creating variation between families for any of these 
hemodynamic variables (c = 0). For HR a very simple 
model that allowed only for the additive effects of genes 
(h) and the environment unique to the individual (e) fit 
the observed twin data. Hanson et al? fitted a genetic 
model to HR measures in a sample that included’ twins 
reared apart. They”* found no evidence for a shared en- 
vironmental effect and concluded that additive genetic 
effects explained approximately 50% of the variance. 

The National Heart, Lung, and Blood Institute’s 
Twin Study observed a large heritability in the BP of 
adult twins.*° In a study of children living in London, 
Holland et al? found no difference in the correlation 
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coefficients of systolic BP between either same-sex or 
opposite-sex siblings. To our knowledge, no convincing 
evidence for sex differences in the genetic regulation of 
BP has been described in either adults or children. 

In our study, the Pearson correlations of male- 
female twin pairs for systolic and diastolic BP ap- 
proached zero. These apparent sex differences in the ge- 
netic control of BP may well be a consequence of the 
more advanced sexual maturation of the girls,” and it 
will be of interest to observe the extent to which they 
persist in longitudinal studies that are now in progress. 
For diastolic BP the twin pair correlations were consis- 
tently lower in female than male twins of both zygosi- 
ties, suggesting that the sex differences are attributable 
to a lower heritability in girls for the trait. In contrast, 
for systolic BP, there was no consistent trend among the 
same-sex twins, indicating that the expression of differ- 
ent genes is the more likely explanation for the apparent 
sex differences. 

Importantly, no model that ignored the effects of 
genes (h = h’ = 0) fit the data. In all cases at least half 
the variation among individuals at this age, and all the 
resemblance among relatives can, within the resolving 
power of this study, be ascribed to additive genetic 
effects. The fact that this model fit with y = 0.5 for 
dizygotic twins precludes large effects of assortative 
mating in the genetic resemblance of the children.”? The 
univariate analyses reported here leave unanswered a 
range of important questions that can only be addressed 
by a more refined multivariate genetic analysis.*° Mul- 
tivariate genetic analyses will help us determine wheth- 
er the same genetic and environmental effects influence 
groups of variables simultaneously (“pleiotropy”) or 
whether different genes affect different variables. In ad- 
dition, multivariate path analyses including body size 
and sexual maturity have the potential to explain the 
observed sex differences in genetic control. 


Acknowledgment: We acknowledge the technical 
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cent, C. Dickens, W. Wilson, M. Blanchard and P. 
Winter. 
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CONGESTIVE HEART FAILURE 


Ability of Left Ventricular Stress-Shortening 
Relations, End-Systolic Stress/Volume Ratio and 
Indirect Indexes to Detect Severe Contractile 
Failure in Ischemic or Idiopathic Dilated 
Cardiomyopathy 


Mary J. Roman, MD, Richard B. Devereux, MD, and Robert J. Cody, MD 


The ability of several proposed indirect and direct 


indexes of left ventricular (LV) systolic perfor- 
mance and contractility to detect clinically impor- 
tant LV dysfunction was evaluated in 42 patients 
with refractory dilated cardiomyopathy studied 
with right-sided heart catheterization and M-mode 
echocardiography. Hemodynamic evaluation dem- 
onstrated elevated filling pressure (mean pulmo- 
nary artery wedge pressure 24 + 6 mm Hg) and 
depressed function (cardiac index 1.68 + 0.43 li- 
ters/min/m2). Echocardiographic LV end-diastolic 
dimension (7.3 + 1.0 cm), mass (182 + 60 gm/m?) 
and end-systolic stress (163 + 44 x 103 dynes/ 
cm) were increased whereas fractional shortening 
was depressed in all (mean 12 + 4%). During fol- 
low-up 88% of patients died at a median interval of 
16 months after study. 

indirect measurements of LV function (mitral E 
point-septal separation and the ratio of preejection 
period to LV ejection time) were abnormal in 100 
and 88% of patients, respectively. Contractility 
was classified as depressed in 36 (86%) patients 
by the end-systolic stress/volume index ratio and in 
31 (74%) by the relation between fractional short- 
ening and end-systolic stress. In contrast, the rela- 
tion between end-systolic stress and velocity of 
circumferential shortening identified only 7 (17%) 
patients as having subnormal contractility and clas- 
sified 9 (21%) as having supernormal contractility. 
Rate correction of velocity of circumferential short- 
ening only modestly improved the ability of the re- 
lation to identify depressed contractility (abnormal 
in 16 patients or 38%). Thus, relatively simple 
indirect and direct (stress-shortening relation and 
end-systolic stress/volume index ratio) indexes ap- 
pear useful in identifying severe, prognostically im- 
portant LV contractile dysfunction, whereas meth- 
ods that successfully correct for variations in pre- 
load and heart rate in normal subjects result in 
artifactual normalization of function in most pa- 
tients with dilated cardiomyopathy. 

(Am J Cardiol 1989;64:1338-1343) 
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are dependent on loading conditions and hence 

may not accurately reflect intrinsic myocardial 
contractility. Since the description of the end-systolic 
pressure-volume relation as a reliable estimate of con- 
tractile function,! several variations on this relation have 
been derived using noninvasive methodology, including 
pressure-dimension,*~ stress-shortening®*® and stress- 
volume”! relations. Initial enthusiasm for end-systolic 
relations has waned somewhat, however, as their theo- 
retical limitations have been recognized.!!:!2 Further- 
more, validation of these indexes by load and inotropic 
manipulation in normal subjects may not predict their 
performance at the extremes of ventricular load and 
size encountered commonly in clinical practice. Most 
available studies are also potentially limited by reliance 
on reference standards, the limitations of which for as- 
sessing myocardial contractility are still under investiga- 
tion. To circumvent these difficulties, we examined the 
ability of proposed noninvasive indexes to detect severe, 
prognostically important left ventricular (LV) contrac- 
tile dysfunction in patients with advanced dilated car- 
diomyopathy. 


F jection phase indexes of ventricular performance 


METHODS 

Patient population: The study group consisted of 42 
patients with dilated cardiomyopathy and persistent 
symptoms despite standard therapy. Four patients were 
in New York Heart Association functional class II, 12 
patients were in class III and 26 patients were in class 
IV. All patients had been referred to the Congestive 
Heart Failure Research Group of The New York Hos- 
pital-Cornell Medical Center for invasive hemodynamic 
evaluation before and during the introduction of after- 
load reduction therapy. All patients signed informed 
consent under protocols approved by the Committee on 
Human Rights in Research of Cornell University Medi- 
cal College. The average patient age was 58 + 11 years 
(range 30 to 77); 37 patients were men and 5 were 
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women. Dilated cardiomyopathy was attributable to 
chronic ischemic disease in 23 patients based on prior 
myocardial infarction or angiographic evidence of coro- 
nary artery disease. All patients were receiving digoxin 
and diuretic therapy at the time of study but no other 
inotropic or vasodilator agents. Normal values for non- 
invasive measurements were obtained from adult volun- 
teers enrolled, after informed consent, in previously de- 
scribed studies.!?-!> 

Hemodynamic evaluation: All patients underwent 
right-sided cardiac catheterization while receiving local 
anesthesia. Intraarterial pressure was measured via can- 
nulation of either the radial or brachial artery. Cardiac 
output was determined in triplicate using the thermodi- 
lution technique. The cardiac index was derived by di- 
viding the cardiac output by body surface area. System- 
ic vascular resistance and pulmonary vascular resistance 
were calculated according to standard formulas. All he- 
modynamic data represent baseline values. 

Echocardiography: Baseline echocardiography was 
performed in all patients to assess cardiac size and func- 
tion and to exclude primary valvular disease as a cause 
of cardiomyopathy. M-mode echocardiograms of the 
left ventricle and aortic valve were performed with pa- 
tients in the partial left decubitus position by an experi- 
enced research technologist with strip chart recordings 
at 50 mm/s. Echocardiograms were coded and read 
blindly. 

LV measurements were made according to the rec- 
ommendations of the American Society of Echocardiog- 
raphy.'!© LV mass was determined according to the 
Penn convention.'’? End-systolic stress was calculated 
using the formula of Reichek et al;!8 values >102 X 102 
dynes/cm? were considered abnormal.'> LV fractional 
shortening was derived using the formula: (end-diastolic 
dimension — end-systolic dimension) /end-diastolic di- 
mension. Velocity of circumferential fiber shortening 
was calculated by dividing fractional shortening by ejec- 
tion time and was corrected for heart rate by dividing 
the ejection time by the square root of the RR interval; 
the normal lower limits for these measures in our labo- 
ratory are 0.72 and 0.71 circumference/s, respectively. 

Two indirect parameters of LV function were as- 
sessed. The mitral E point-septal separation was mea- 
sured at the time of the E point. A distance of >6 mm 
was considered abnormal.!° Systolic time intervals were 
determined by dividing the preejection period (time 
from onset of QRS complex to aortic valve opening) by 
the LV ejection time (duration of aortic valve opening); 
values >0.41 were considered abnormal.” 

Estimation of contractile function: LV contractile 
function was assessed by 4 echocardiographic methods. 
The relation of fractional shortening to the log of end- 
systolic stress was evaluated using confidence limits de- 
rived from 87 normal subjects studied in our laboratory 
(r = —0.83, p <0.001).!° The relation between velocity 
of circumferential fiber shortening and end-systolic 
stress was compared to 95% confidence intervals for this 
relation derived from findings in 41 normal subjects 
studied in our laboratory (r = —0.68, p <0.005). Rate- 


TABLE I Hemodynamic Characteristics of Patients with 
Dilated Cardiomyopathy 


Mean Range 


Mean arterial pressure (mm Hg) 80+ 12 60-110 

Pulmonary wedge pressure (mm Hg) 24+6 11-37 

Cardiac index (liters /min /m?) 1.68 + 0.43 0.98-2.59 

Systemic vascular resistance 1,938 +618 1,138—4,333 
(dynes s cm~>) 

Pulmonary vascular resistance 363 + 187 79-752 
(dynes s cm~5) 





TABLE Il Measures of Left Ventricular Size and Function in 
Patients with Dilated Cardiomyopathy 


Percent 
Mean Range Abnormal 


Left ventricular end-diastolic 7.3 4 1.0 5.9-9.3 
dimension (cm) 

Left ventricular end-systolic 6.5+1.0 4.9-8.5 
dimension (cm) 

Fractional shortening (%) 1244 2-23 

Vcf (circumference /s) 0.53 +0.18 0.10-1.02 

Vcfc (circumference/s) 0.45 +0.16 0.07 + 0.86 

Left ventricular mass 182 + 60 80-366 
index (gm/m?) 

End-systolic stress 163 + 44 85-274 
(103 dynes /cm7?) 

E point-septal separation 28 +6 18—40 
(mm) 

PEP/LVET 0.70 +0.22 0.35-1.38 
LVET = left ventricular ejection time; PEP = preejection period; Vcf = velocity of 


circumferential fiber shortening; Vcfc = heart rate corrected velocity of circumferen- 
tial fiber shortening. 





correction of the velocity of circumferential fiber short- 
ening minimally strengthened the inverse relation of ve- 
locity of circumferential fiber shortening to end-systolic 
stress in our normal subjects (r = —0.72, p <0.005) as 
it did in those studied by Colan et al.* Finally, the ratio 
of end-systolic stress to end-systolic volume index was 
calculated, using the Teichholz correction for volume 
determination.*! The normal range for this ratio in our 
laboratory is 2.0 to 4.0 X 10’ dynes/cm?.”2 

Statistical analysis: Mean values are presented with 
the standard deviation as the index of dispersion. The 
relation between continuous variables was assessed by 
linear regression analysis. 


RESULTS 

Hemodynamic assessment and clinical outcome: 
Baseline hemodynamic evaluation revealed impairment 
of cardiac function in all patients (Table I). Mean car- 
diac index was markedly reduced at 1.68 liters/min/m7? 
and ranged from 0.98 to 2.59. Pulmonary wedge pres- 
sure, systemic vascular resistance and pulmonary vascu- 
lar resistance were increased on average. During follow- 
up, 37 patients have died, at mean and median intervals 
of 22 and 16 months, respectively, after initial study 
(range 1 to 83 months); 3 patients remain alive and 2 
have been lost to follow-up. 

Left ventricular size and systolic performance: Pa- 
rameters of LV size and function are listed in Table II. 
All but 1 patient demonstrated LV dilatation (mean LV 
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NONINVASIVE MEASURES OF CONTRACTILITY IN CARDIOMYOPATHY 


TABLE IlI Noninvasive Identification of Depressed 
Contractility in 42 Patients with Dilated Cardiomyopathy 


Distribution of Values (%) 


Sub- Super- 
Measure of Contractile Function normal Normal normal 


Fractional shortening:end-systolic 
stress 

Velocity of circumferential fiber 
shortening:end-systolic stress 

Rate-corrected velocity of 
circumferential fiber shortening: 
end-systolic stress 

End-systolic stress /end-systolic 
volume index 


end-diastolic dimension 7.3 + 1.0 cm). Despite consid- 
erable LV hypertrophy (mean mass 339 + 124 gm), 
afterload was increased (mean end-systolic stress 163 + 
44 X 10° dynes/cm?). 

Fractional shortening was depressed in all patients 
(mean 12 + 4%; range 2 to 22%). The E point-septal 
separation was increased in all patients (mean 28 + 6 
mm). The ratio of preejection period to LV ejection 
time was increased on average (0.70 + 0.22) but was 
normal in 5 of the 42 patients (12%). 

Left ventricular contractile function: Values for the 
4 proposed indexes of LV contractile function in the pa- 
tients with dilated cardiomyopathy are shown in rela- 
tion to normal ranges for these relations in Figures 1 
through 4. Fractional shortening was decreased below 
95% confidence intervals in relation to end-systolic 
stress in 31 of 42 patients (74%) (Figure 1). In contrast, 
comparatively few patients with dilated cardiomyopathy 
were identified as having contractile dysfunction when 
the relations between velocity of circumferential short- 
ening or rate-corrected velocity of circumferential fiber 
shortening and end-systolic stress were used (Figures 2 
and 3). The velocity of circumferential fiber shortening 
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was abnormally low in relation to end-systolic stress in 
only 7 patients (Figure 2); in fact, contractility was clas- 
sified as normal by this relation in 1 patient with 2% 
fractional shortening and was inferred to be supernor- 
mal in 9 of 42 or 21% of patients with heart failure. 
Rate correction of the velocity of circumferential fiber 
shortening (Figure 3) improved the identification of de- 
pressed contractility, demonstrating an abnormally low 
velocity of circumferential fiber shortening in 38% (16 
of 42) of patients, but was still less sensitive than the 
simple stress-shortening relation (chi-square = 10.85, p 
<0.001). The ratio of end-systolic stress to end-systolic 
volume index was abnormally low in 86% (36 of 42) of 
patients (Figure 4) and was in the low normal range in 
the remaining 6 patients. Although end-systolic stress 
was similarly elevated in the groups with subnormal and 
low normal stress-volume index ratios (160 + 45 and 
182 + 33 X 103 dynes/cm2, respectively), LV mass and 
end-systolic volume were smaller in the latter group 
(355 + 121 vs 247 + 102 gm and 230 + 73 vs 149 + 32 
ml, both p <0.05). The apparent sensitivity of the 4 
measures of contractility is listed in Table III. 


DISCUSSION 

The end-systolic pressure-volume relation has been 
shown to be relatively load-independent! and the slope 
of this relation is reduced in humans with dilated 
cardiomyopathy.?> Although invasive and noninvasive 
methods of assessing end-systolic relations have been 
demonstrated to be relatively insensitive to afterload 
manipulation” and to vary with inotropic stimulation in 
normal subjects,”’° few data exist regarding their ap- 
plication in pathologic states of extreme afterload excess 
or markedly depressed ventricular function. A recent 
study by Binkley et al*> demonstrated depression of 
pressure-dimension and pressure-volume slopes deter- 
mined by echocardiography in 10 patients with dilated 
cardiomyopathy when compared to reported normal 
values. Borow et al?° reported 13 patients with dilated 


FIGURE 1. The relation between fraction- 
al shortening and end-systolic stress in 42 
patients with dilated cardiomyopathy. The 
shaded area represents the 95% normal 
confidence limits. 
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cardiomyopathy in whom the rate-corrected velocity of 
circumferential shortening was lower than that in nor- 
mal subjects at the same circumferential end-systolic 
wall stress. 

We compared the capacity of several proposed non- 
invasive estimates of LV contractility to discriminate 
between normal subjects and patients with congestive 
cardiomyopathy with uniformly depressed ventricular 
function and marked LV enlargement and afterload ex- 
cess. The combination of severely depressed LV per- 
formance, advanced congestive heart failure and high 
(88%) short-term mortality in our patients with dilated 
cardiomyopathy allows them to serve as a “bioassay” to 
test the apparent sensitivity of proposed indexes of LV 
contractile dysfunction. Although this approach does 
not provide a continuous, quantitative measure of con- 
tractile dysfunction as the reference standard, it avoids 
uncertainties about whether hemodynamic indexes of 
myocardial contractility remain linear or become curvi- 
linear at extremes of load and dysfunction, and has the 
advantage of being based on a practical rather than a 
theoretical endpoint. 

Although the relation of fractional shortening to 
end-systolic stress has been criticized as being preload- 
dependent, the relation was subnormal in 74% of pa- 
tients despite their markedly elevated preload (mean 
wedge pressure 24 mm Hg). Furthermore, the stress- 
shortening relation performed remarkably better (p 
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FIGURE 2. The relation of velocity of circumferential fiber 
shortening (Vcf) to end-systolic stress in 42 patients with 
dilated cardiomyopathy. The shaded area represents the 95% 
normal confidence limits. 





<0.0001) in identifying severe contractile dysfunction 
than the velocity of circumferential shortening-stress re- 
lation, which had been proposed to eliminate preload 
effects.’ Only 17% (7 of 42) of patients had depressed 
velocity of circumferential shortening for end-systolic 
stress, whereas 21% (9 of 42) had supernormal values 
for this relation. The most likely explanation for this 
observation is that, under normal circumstances, ejec- 
tion time serves as a surrogate for the effects of preload 
in augmenting or diminishing stroke volume, such that 
adjusting fractional shortening for ejection time ac- 
counts for variations in preload. However, in dilated 
cardiomyopathy, where ejection time and stroke volume 
are decreased due to depressed contractility despite ex- 
tremely high preload, calculation of velocity of circum- 
ferential shortening tends to normalize ventricular per- 
formance, in effect considering the abbreviated ejection 
time to be a consequence of preload deficiency. Heart 
rate correction of fiber-shortening velocity somewhat 
improved the sensitivity of this relation by eliminating 
abbreviation of the ejection time due to the high heart 
rate in patients in congestive heart failure. An alternate 
explanation for the apparent insensitivity of the velocity 
of circumferential shortening end-systolic stress rela- 
tions might be that the relation at high afterloads is not 
accurately described by nomograms extrapolated from 
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FIGURE 3. The relation of rate-corrected velocity of circum- 
ferential fiber shortening (Vcfc) to end-systolic stress in 42 
patients with dilated cardiomyopathy. The shaded area 

- represents the 95% normal confidence limits. 
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NONINVASIVE MEASURES OF CONTRACTILITY IN CARDIOMYOPATHY 


the normal range of load-function relations. Thus, al- 
though the relation appears linear over the normal 
range of end-systolic stress values, it might become cur- 
vilinear at high levels of end-systolic stress, resulting in 
more of the cardiomyopathy patients falling below the 
normal range. Indirect support for this possibility is pro- 
vided by the observed curvilinearity of the fractional 
shortening end-systolic stress relation.!> 

The ratio of end-systolic stress to end-systolic vol- 
ume index was abnormally low in 86% (36 of 42) of 
cardiomyopathy patients and below the mean normal 
value in the remaining 6 patients. Thus it appeared to 
be the most sensitive of the 4 indexes of contractile 
function in identifying clinically and prognostically sig- 
nificant LV dysfunction. Although use of the stress-vol- 
ume ratio, rather than the slope of the relation between 
these variables, introduces potential dependence on both 
preload and afterload, and makes the ratio susceptible 
to artifactual depression due to “series replication” of 
normally functioning sarcomeres in eccentrically hyper- 
trophied hearts,”’ it has been reported to have predictive 
value in regurgitant valvular disease.”???8 Equivalent 
sensitivity (88%) for detection of contractile dysfunction 
was observed with the preejection period/LV ejection 
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FIGURE 4. The ratio of end-systolic stress to end-systolic 
volume index in 42 patients with dilated cardiomyopathy. The 
shaded area represents the 95% normal confidence limits. 
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time ratio, whereas the highest apparent sensitivity 
(100%) was observed with the E point-septal separation. 

Potential limitations of the present study include the 
use of M-mode echocardiography to determine LV size 
and load. The use of fractional shortening of myocardi- 
um near the base of the left ventricle would tend to 
overestimate ventricular performance in the setting of 
segmental wall motion abnormalities, but the low values 
obtained (mean 12%) suggests this effect was relatively 
unimportant. Use of the Teichholz correction for vol- 
ume determination!? should mitigate the further limita- 
tion that chamber volumes would tend to be overesti- 
mated in dilated relatively spherical left ventricles. Un- 
detected mitral regurgitation may have occurred in 
some of our patients, causing endogenous “afterload re- 
duction” that might have resulted in overestimation of 
contractile function. This bias may account for some or 
all of the 6 dilated cardiomyopathy patients whose val- 
ues for the stress-volume ratio or the stress-shortening 
relation fell within the normal range. Furthermore, the 
duration of LV emptying might be underestimated from 
the aortic valve LV ejection time in cardiomyopathy pa- 
tients with clinically silent mitral regurgitation resulting 
in artifactual normalization of the velocity of circumfer- 
ential shortening-stress relations in some subjects. Alter- 
natively, low normal values for proposed contractility 
indexes in some patients with heart failure may repre- 
sent substantial intraindividual deterioration from ini- 
tially high-normal values that cannot be detected in a 
cross-sectional study. 

Despite these limitations, our results provide strong 
support for the utility in identifying severe, prognos- 
tically important LV contractile dysfunction of relative- 
ly simple direct (shortening-stress relation and stress- 
volume ratio?) and indirect (preejection period/LV 
ejection time and E point-septal separation) noninvasive 
indexes. Adjustment of the fractional shortening—end- 
systolic stress relation by methods that usefully take 
preload and heart rate effects into account in normal 
subjects resulted in artifactual normalization or even 
“supernormalization” of contractility indexes in most 
patients with severe dilated cardiomyopathy. 
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heart failure (CHF) have a poor prognosis; the annual 

mortality can be as high as 58%.! Whereas death is 
often expected in patients with progressive worsening of 
cardiac function, it occurs suddenly in as many as 45% 
of patients, at times when cardiac function seems stable. 
Identification of patients at high risk of death has been 
attempted in previous studies.2-'> Factors related to 
depressed left ventricular function, such as elevated pul- 
monary arterial wedge pressure, depressed left ventric- 
ular ejection fraction or cardiac output, poor exercise 
tolerance and high New York Heart Association func- 
tional class, have all been associated with increased 
mortality.2-!© Other factors, such as the presence of cor- 
onary artery disease? and the activation of various va- 
soconstrictive neurohumoral systems, have also been as- 
sociated with poor prognosis.'*+!5 Furthermore, it has 
been suggested that high levels of plasma norepineph- 
rine may be contributing to increased mortality in pa- 
tients with CHF, possibly by triggering malignant ar- 
rhythmias.'® In this study we reexamined the value of 
multiple clinical variables to predict mortality in 238 
patients with CHF secondary to Corona artery dis- 
ease, followed for 8 years. 


rt is well established that patients with congestive 


METHODS 
Patient population: We retrospectively reviewed the 
clinical data of 333 patients with CHF aged 24 to 83 
years, who underwent right-sided cardiac catheteriza- 
tion between 1977 and 1985 at the Moffit Hospital in 
San Francisco (159 patients) and at the Sacré-Coeur 
Hospital in Montreal (174 patients). All patients had 
severe CHF, with symptoms of dyspnea and fatigue at 
rest or during minimal exertion, despite prior therapy 
with diuretics, digoxin and often vasodilators. Patients 
with unstable angina or a history of acute myocardial 
infarction within 6 months were excluded. The etiology 
of heart failure was coronary artery disease in 238 pa- 
tients, who comprise the study population. | 
Right-sided cardiac catheterization: All studies 
were performed 248 hours after all vasodilator drugs 
were withdrawn. Digoxin and diuretics were withheld 
only on the day of the study. Right-sided cardiac cathe- 
terization was performed using a balloon flotation ther- 
modilution catheter inserted percutaneously into the 
right side of the heart from the subclavian or internal 
jugular vein. Patients were then allowed to Test. t quietly 











_ terial pressure was monitored by an indwelling radial 
_ artery cannula. Cardiac output was measured in tripli- 
< Cate using the thermodilution technique with injections 
_ Of 5 or 10 ml of iced dextrose in water. Left ventricular 
_ Stroke work index was calculated from the formula: car- 
_ diac index/heart rate X (mean arterial pressure — 
-mean pulmonary capillary wedge pressure) X 0.0136. 
` After the hemodynamic measurements, blood was 
. drawn from the arterial cannula for measurement of 
_ plasma catecholamines, plasma renin activity, serum 
~ electrolytes, serum creatinine and blood urea nitrogen. 
-< Plasma catecholamines were measured by radioenzy- 
matic technique!” and- plasma renin activity was mea- 
sured by radioimmunoassay. ! 

Treatment: All patients received optimal doses of di- 
goxin and furosemide. A majority of patients received 
_ vasodilators according to various protocols, classified as 
_ either converting enzyme inhibitors (captopril or enala- 
_ pril—90 patients) or other vasodilators (hydralazine, 

prazosin, nitrates or nifedipine—84 patients). Inotropic 
agents used were of the nonglycoside, noncatecholamine 
class (amrinone, milrinone or enoximone—64 patients). 
The choice of drugs was mainly determined by the pro- 
tocol undertaken and the clinical condition of the pa- 
tients. Patients with complex ventricular arrhythmias 
were treated concurrently with antiarrhythmic agents. 

Follow-up: Long-term follow-up and cause of death 
of the patients with CHF secondary to coronary artery 
disease were determined from review of hospital records 
and by interviewing either the patient, the family or the 
primary physician. There were 8 patients lost to follow- 
up, but only after a minimum follow-up of 6 months. 
Deaths were categorized as (1) sudden—abrupt circula- 
tory collapse without premonitory symptoms during a 
clinically stable period, (2) low output—death after a 
period of clinical deterioration in signs and symptoms of 
heart failure despite maximal medical treatment (in- 
cluded were those experiencing terminal arrhythmias 
while being hospitalized for progressive hemodynamic 
deterioration) and (3) noncardiovascular—death clearly 
unrelated to cardiovascular pathology. 

Statistical analysis: The relative importance of each 
of the variables considered was assessed by stepwise 
multiple regression analysis. Multiple clinical, bio- 
«chemical and hemodynamic variables were compared 
by Pearson chi-square test or 1-way analysis of variance 
followed, when appropriate, by a Tukey “Studentized” 
range test. The variables were (1) clinical: age, New 
York Heart Association functional class, ejection frac- 
tion, presence of angina, rhythm (sinus or other—atrial 
fibrillation or paced), use of antiarrhythmic drugs be- 
fore and after the study, use of vasodilators before and 
after the study (converting enzyme inhibitors, other va- 
sodilators), use of inotropic agents before and after the 
study and furosemide dose; (2) biochemical: serum sodi- 
um.concentration, blood urea nitrogen, serum creatinine 
concentration, blood urea nitrogen/serum creatinine ra- 
tio, plasma norepinephrine and plasma renin activity; 
= ) hemodynamic: heart rate, mean systemic arteri- 
sure, mean pulmonary arterial pressure, right 
pressure, pilinonary. Pae k presure, 
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cardiac index and stroke work index: The relative im 
portance of all variables in predicting death was the 
assessed by stepwise multiple regression analysis, us 

the Cox proportional hazards regression model.!? Sepa 
rate analyses were performed for all deaths, and those 
related to low cardiac output or sudden death. Because. 
only 188 patients had both plasma norepinephrine and- 
plasma renin activity measured, the stepwise multiple. 
regression analyses were performed with all 238 pa- — 
tients but without considering ejection fraction, plasma 
norepinephrine or plasma renin activity, and then with. 
plasma norepinephrine and plasma renin activity includ- 
ed (188 patients) but without considering ejection frac- 
tion. All statistical analyses were performed on BMDP ae 
statistical software.!° A 


RESULTS : 
Survival: At time of follow-up 82 patients were alive 
and 156 patients had died. The survival curve of the 
whole group is shown in Figure 1. Of the nonsurvivors. 
78 patients died from low output, 50 patients died sud-. 
denly and 28 patients died from noncardiac causes. > 
Baseline characteristics: The baseline clinical, he- = 
modynamic and biochemical characteristics of the 238 
patients at the time of the initial study are listed in Ta- 
ble I. No significant difference was observed for age, — 
frequency of angina, or heart rate between the survivors == 
and nonsurvivors. Patients dying suddenly were less fre- 
quently in sinus rhythm on the initial 12-lead electro- 
cardiogram. On entry into the study, patients who died = > 
from pump failure compared to those who died sudden- = 
ly had a lower functional capacity. This is demonstrated — 
by the higher New York Heart Association functional 
class and the greater activation of the renin-angiotensin 
system as shown by the higher resting plasma renin ac- 
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_ tivity level and lower serum sodium concentration. No 

- significant difference was observed in the level of neuro- 
_ hormonal activation between the patients who died sud- 
nal fu and those who survived. A . greater. aparan of 
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Alive /Noncardiac Sudden Death Low Output Death 
Death(n=110) % (n = 50) % (n = 78) % 
Age (yrs) 63+ 10 62 +12 66 +9 
Angina (%) | 30 32 18 
~ Rhythm © | 
Sinus - 89 81 31* 62 58 74 
Other 21 20 19 38 20 26 
-o Functional class (NYHA) 3.340.5 3.4 + 0.6 3.7 40.51% 
cco o Ejection fraction (%) 27+10 24411 2347* 
|”. Duration of follow-up (mos) 31418 51+ 26 46 + 22 
© Survival (mos) 25417 114137 10 + 137 
Serum sodium concentration (mEq /liter) 137 +4 13644 -1344 5*t 
= Blood urea nitrogen (mg/dl) 27413 31 4 20 40 + 245 
|. Serum creatinine concentration (mg/dl) 14404 16407 1840.71 
- Blood urea nitrogen/serum creatinine 1846 19+6 22 + 9tł 
Heart rate (beats /min) — «B44 14 85+19 88 + 16 
Mean systemic arterial pressure (mm Hg) — 87414 85+ 11 84 +.12* 
Mean pulmonary arterial pressure (mm Hg) 37+11 4048 39 +10 
Mean right atrial pressure (mm Hg) 10+6 14461 14+ 6t 
Pulmonary capillary wedge pressure (mm Hg) 2548 29461 2747" 
Cardiac index (liters /min/m?) 2.140.5 1940.4 1940.51 
LV stroke work index (gm/m?) 2249 19 + 8* 18 + 8! 
Plama renin activity (ng/ml /hr) 6+6 7+6 15+ 157 
_ Plasma norepinephrine (pg/ml) 549 + 429 589 + 393 | 861 + 986? 
2 Plasma epinephrine (pg/ mi) E 98495 94 + 77 134 + 138 
y Data Xpressed as mean + standard deviation or as. absolute number, — . 


tp <0.05 .05,.1 p <0.01 for sudden death or low output death vs alive /noncardiac death, * p <0.05, and è p <0,01 for low output vs sudden death. 


4 TABLE H Medication Profile Before and After Study in Patients Grouped According to Survival Outcome 
_ Alive /Noncardiac Sudden Death Low Output Death 


Death (n = 110) % (n = 50) % {n= 7B). % 

Medication (before study) 

-Furosemide dose (mg/day) 126 + 93 136 +75 133 + 76 

None 39 36 13 26 21 27 
Converting enzyme inhibitor 16 15 6 12 17 22 
Other vasodilators 22 20 14 28 24 31 
Nitrates | 33 30 17 34 15 19 
Inotropes - 0 0 0 0 1 1 

Antiarrhythmic therapy 
None 93 85 4i 82 53 68 
Type 1 agent 12 11 8 16 22 28 
Amiodarone 4 4 1 2 3 4 

Medication (after study) 

Converting enzyme inhibitor 54 49 22 44 1414 18 
Other vasodilators 37 34 19 38 28 36 
inotropes 19 17 9 18 36 42 

Antiarrhythmic therapy 
None 85 77 32* 64 471 60 
Type l agent 15 14 17 34 23 30 
Amiodarone 10 9 1 2 8 10 


*p <0 05, t p <0: 0L for sudden death or low output death vs alive /noncardiac death and * p <0.01 for low w output vs sudden death. 


than those who emia alive or died suddenly. A 
higher incidence of antiarrhythmic- drug use was ob- 
served in the period after the baseline study in patients 
dying from low output and those dying suddenly. No 
significant difference was observed in total daily furose- 
mide dose between the patient groups at baseline evalu- 
ation (Table II). we | 

_ When. patients were grouped according to treatment a 














months, p <0.01) and had a higher incidence of antiar- 
rhythmic drug therapy before (30 vs 7%, p <0.01) and 
after (31 vs 10%, p <0.01) the initial baseline evalua- 
tion. 

Predictors of mortality: After stepwise multivariate 
regression analysis of all variables except ejection frac- 
tion, plasma renin activity and plasma norepinephrine, 5 
variables were found to be independent predictors of 
mortality (Tables III and IV). Of these, left ventricular 
stroke work index (p <0.001), pretreatment blood urea 
nitrogen (p <0.001) and serum sodium concentration (p 
<0.001) were the most powerful. Treatment with ino- 
tropic agents, although less powerful, was also an inde- 
pendent predictor of mortality (p <0.01) (Table III). 
When only ejection fraction was excluded from the 
analysis, the strongest predictors of mortality were plas- 
ma renin activity (p <0.001) and left ventricular stroke 
work index (p <0.001) (Table IV). Importantly, base- 
line plasma norepinephrine was not an independent pre- 
dictor of mortality in the multivariate analysis. 

Analyzing the data with respect to specific cause of 
death, the most important predictors of death from low 
output failure were the baseline blood urea nitrogen (p 
<0.001), treatment with vasodilators other than con- 
verting enzyme inhibitors (p <0.001) and functional 
class (p <0.001) (Table III). If plasma neurohumoral 
levels were included in the analysis, the initial plasma 
renin activity (p <0.001) became the most powerful de- 
terminant of mortality (Table IV). In patients dying 
suddenly the most significant independent predictors of 
mortality were the baseline left ventricular stroke work 
index (p <0.001), pulmonary capillary wedge pressure 
(p <0.002) and absence of sinus rhythm (p <0.006) 
(Tables III and IV). Again, the baseline plasma norepi- 
nephrine level did not emerge as an independent vari- 
able in the long-term prognosis of either subgroup. 


DISCUSSION 

We have confirmed in a large number of patients 
that factors related to cardiac function, such as func- 
tional class, left ventricular stroke work index and the 
serum sodium concentration, have prognostic value in 
patients with severe CHF. We extend these findings by 
showing that pretreatment plasma renin activity, but 
not plasma norepinephrine, is a powerful independent 
predictor of long-term prognosis. 

Lee and Packer! showed that the degree of activa- 
tion of the renin-angiotensin system, as reflected by the 
serum sodium concentration, is of prime importance in 
determining the long-term outcome of patients with se- 
vere CHF. However, in their study of 203 patients, plas- 
ma renin activity was not included in the prognostic 
analysis, because it was measured in less than half of 
the patients.'> In our study, multivariate analysis re- 
vealed plasma renin activity as a key independent vari- 
able associated with poor survival in patients with CHF, 
whereas the serum sodium concentration was not re- 
tained in the prognostic analysis in the presence of all 
other variables. 

In our patients, plasma norepinephrine concentration 
was elevated, reflecting the activation of sympathetic 


All deaths 
LV stroke work index 
Blood urea nitrogen 
Serum sodium concentration 
Inotropes 
Functional class 
Low output death 


Blood urea nitrogen 
Other vasodilators 
Functional class 
Mean right atrial pressure 
Serum sodium concentration 
Sudden death 
Pulmonary capillary wedge pressure 
Rhythm 
* Cox stepwise multiple regression analysis was used for 238 patients; excluded 


from regression: ejection fraction, renin activity and norepinephrine. 
LV = left ventricular. 





All deaths 
Renin activity 
LV stroke work index 
Serum creatinine concentration 
Other vasodilators 
Low output death 


Renin activity 

Functional class 

Blood urea nitrogen 

Other vasodilators 
Sudden death 

LV stroke work index 


* Cox stepwise multiple regression analysis was used for 188 patients; excluded 
from regression: ejection fraction. 
LV = left ventricular. 


nervous system, as has been previously described in 
CHF.” However, our findings are at variance with 
those of Cohn et al!4: they demonstrated that only rest- 
ing plasma norepinephrine level was an independent 
predictor of mortality among many clinical and labora- 
tory variables. In contrast, we were unable to demon- 
strate an independent prognostic influence on mortality 
for plasma norepinephrine once the other variables were 
entered. The reasons for this difference are unclear, and 
may relate to patient selection, although a remarkable 
similarity is noted between the hemodynamic and neu- 
rohormonal data in these 2 studies. 

When separating sudden deaths from deaths due to 
low cardiac output, there were important differences in 
patient characteristics and in the variables that were 
identified as independent predictors of death via multi- 
variate analysis. Patients dying from low output had 
more severe CHF, reflected by higher functional class, 
higher blood urea nitrogen and much higher plasma re- 
nin and norepinephrine levels than survivors and pa- 
tients dying suddenly. Interestingly, patients who died 
suddenly had similar plasma norepinephrine levels com- 
pared to survivors. Furthermore, in the multivariate 
analysis, several variables related to cardiac function, 
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including plasma renin activity, were identified as inde- 
pendent predictors of mortality in patients dying from 
low cardiac output. In the patients with sudden death, 
hemodynamic variables and the absence of sinus 
rhythm were the only major independent predictors of 
mortality. In neither group was plasma norepinephrine 
identified in the multivariate analysis. 

Our findings, therefore, do not support the hypothe- 
sis that elevated plasma norepinephrine plays a major 
primary role in sudden death in patients with CHF. 
Plasma norepinephrine appears to be a marker of severe 
cardiac dysfunction, not an independent predictor of 
mortality once other variables relating to cardiac failure 
are entered in a multivariate analysis. Our study, how- 
ever, does not rule out the possiblity that elevated plas- 
ma norepinephrine levels may contribute to worsening 
of cardiac failure or may be a contributing factor to the 
occurrence of malignant cardiac arrhythmias. Such a 
hypothesis is supported by the finding of improved sur- 
vival in a small number of patients with congestive car- 
diomyopathy treated with 8-blocking agents?! and the 
continued increase in plasma norepinephrine over time 
in patients with chronic stable CHF despite treatment 
with converting enzyme inhibitors.” 

Our finding that treatment with inotropic agents is 
an independent predictor of mortality is worrisome. We 
cannot exclude, in our observational study, that a selec- 
tion bias may have resulted in such findings; however, it 
does raise the question of long-term safety of inotropic 
stimulation with the newer nonglycoside, noncatechola- 
mine class of inotropic agents.? In this study, patients 
who received inotropic agents were more frequently 
treated with antiarrhythmic drugs both before and after 
baseline evaluation. A higher incidence of fatal arrhyth- 
mias unrelated to inotropic therapy may have led to the 
difference we found. 

Our study, like others,” has demonstrated an in- 
creased risk of mortality in patients with disturbances of 
atrial rhythm. Whereas previous investigators were un- 
able to show an association with mode of death, we sug- 
gest that the absence of sinus rhythm significantly in- 
creases the risk for sudden death. 


Acknowledgment: We gratefully acknowledge the 
thoughtful review of this manuscript by Pascal Nicod, 
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CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome. 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal’s angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
Studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued. 
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Drug Interaction. Due to the potential for additive effects, 
caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive 
effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating 
patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels. 

Beta-blockers: Controlled and uncontrolled domestic stud- 
ies Suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardioc conduction abnormalities. 

Administration of CARDIZEM (diltiazem hydrochloride) 
concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50%. 
lf combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day. 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy fo avoid possible over- or under- 
digitalization. (See WARNINGS. ) 

Anesthetics: The depression of cardiac contractility, con- 
ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 
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embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Sofety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presento- 
tion are: edema (2.4%), headache (2. 1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
caria. 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 


issued 11/88 
Another patient benefit product from 
ou PHARMACEUTICAL DIVISION 
M LABORATORIES, INC. CAZABTO 
ees KANSAS CITY.MO 64137 2055K9 





VALVULAR HEART DISEASE 


Quantitation and Significance of Systolic Mitral 
Leaflet Displacement in Mitral Valve Prolapse 


Anthony J. Sanfilippo, MD, Hoshiar Abdollah, MB, and Gary W. Burggraf, MD 


Superior systolic displacement of the mitral leaflets 


is the echocardiographic finding generally used to 
diagnose mitral valve prolapse, but its clinical sig- 
nificance is not clearly established. This study was 
designed to determine if the presence of leaflet 
thickening, displacement in the multiple imaging 
planes or the quantitative degree of displacement 
could be used to identify clinically important valvu- 
lar abnormality. To this end, these findings were 
prospectively assessed and correlated with the 
presence of mitral regurgitation and ventricular 
arrhythmia in 49 patients with displacement and in 
49 age-matched control subjects with no identifi- 
able displacement. 

Both ventricular arrhythmia and mitral regurgi- 
tation were found to occur with significantly great- 
er frequency in patients with leaflet displacement 
than in control subjects. However, among the pa- 
tients with leaflet displacement, both these compli- 
cations occurred with greater frequency in sub- 
groups characterized by the presence of leaflet 
thickening, quantitatively greater displacement and 
displacement evident in 2 orthogonal imaging 
planes. Logistic regression analysis demonstrated 
that the best echocardiographic predictor of either 
ventricular arrhythmia or mitral regurgitation was 
the quantitative degree of leaflet displacement. 

These results indicate that most patients with 
echocardiographic evidence of leaflet displacement 
had very low incidences of ventricular arrhythmia 
and mitral regurgitation. Subgroups, however, 
could be identified echocardiographically in which 
both complications occurred with significantly 
greater frequency. 

(Am J Cardiol 1989;64:1349-1355) 


From the Division of Cardiology, Queen’s University, Hotel Dieu Hos- 


pital, Kingston, Ontario, Canada. Manuscript received January 23, 
1989; revised manuscript received July 24, 1989, and accepted August 
yt 

Address for reprints: A.J. Sanfilippo, MD, Department of Cardiol- 
ogy, Hotel Dieu Hospital, 166 Brock Street, Kingston, Ontario, Canada 
K7L 5G2. 


visualization of the mitral leaflets and has therefore 

become important in the diagnosis of mitral 
valve prolapse (MVP). Unfortunately, superior systolic 
displacement of the mitral leaflets can be identified by 
echocardiography with an unexpectedly high frequency 
in asymptomatic populations.'-* Methods for refining 
the echocardiographic diagnosis of MVP are required if 
patients truly at risk for complications are to be identi- 
fied with confidence. 

We undertook this study to determine if the occur- 
rence of adverse physiological effects could be shown to 
relate to the magnitude of leaflet displacement or its 
presence in specific tomographic imaging planes. Also, 
because myxomatous degeneration is known to be the 
major underlying pathologic substrate of abnormal leaf- 
let prolapse, leaflet thickening was assessed. 

Potential morphologic and physiologic effects of ab- 
normal leaflet displacement were chosen as endpoints 
for analysis. Mitral regurgitation and left atrial and 
ventricular sizes were therefore quantitated. Ventricular 
arrhythmia was chosen as an appropriate endpoint for 
this study because its relation to MVP remains uncer- 
tain despite numerous studies,>-!! and definition of such 
a potentially malignant complication in a condition re- 
ported to occur with high frequency is of obvious impor- 
tance. 


©] aiant echocardiography allows direct 


METHODS 

Study and control subjects: The following exclusion 
criteria were applied to ensure, as fully as possible, that 
the study and control groups differed only with respect 
to the occurrence of the echocardiographic finding of 
systolic leaflet displacement, and to avoid any selection 
bias toward the detection of arrhythmia: (1) historic, 
auscultatory, electrocardiographic or echocardiographic 
evidence of any structural or functional heart disease in 
the control subjects, or of any condition other than sys- 
tolic displacement in the study patients; (2) symptoms 
of palpitations, presyncope or syncope in either group; 
(3) protocol investigations of insufficient quality for 
analysis; and (4) current use of antiarrhythmic medica- 
tions, digitalis or 6 blockers. 

In addition, because the incidence of both mitral re- 
gurgitation and ventricular arrhythmia is known to in- 
crease in older populations, we matched patients and 
control subjects for age. 

Records of this hospital’s Echocardiography Labora- 
tory were searched in a consecutive fashion beginning 
with the most recent. We identified patients in whom 
the reason for referral did not involve investigation of an 
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QUANTITATION OF MITRAL VALVE PROLAPSE 


TABLE | Baseline Characteristics 


Controls 


All MVP 


(n = 49) 


Age (yrs) 43.4 + 14.4 
Sex (% male) 
BSA (m?) 

LA volume (cm?) 
LVDD (mm) 
LVSD (mm) 

FS (%) 
Thickness (mm) 
MR (n) 

VA (n) 


All values are mean + standard deviation. 


29.4+11.0 
48.0 + 5.1 
34.4 + 4.5 
28.1 + 7.0 
3.2 + 0.4 
1 (2%) 
1 (2%) 


43.94 17.1 
38.8 
1.76 + .23 
30.44 16.5 
49.5 5.6 
36.0+ 5.1 
27.4448 
3.7 +0.9* 
8 (16%)* 
10 (20%)* 


43.5 + 17.2 
45.5 
1.74 +.25 
29.52 12:5 
49.6 + 6.3 
36.5 4-5.2 
26.3 + 4.7 
4.2 + 1.0*ł 
6 (27%)** 
6 (32%) ** 


44.1 +17.3 
33.3 
1.77 £21 
3124195 
49.4 +5.1 
35.4 + 5.1 
28.3 + 4.8 
3.4 + 0.6 

2 (8%) 
3(11%) 


* p <0.001 vs controls; t p <0.05 vs controls; * p <0.001 vs A4C subgroup; for all other subgroup comparisons the difference was not significant. 
AAC = patients with systolic leaflet displacement limited to the apical 4-chamber imaging plane; BSA = body surface area; FS = fractional shortening; LA = left atrial; LVDD = left 
ventricular diastolic dimension; LVSD = left ventricular systolic dimension; MVP = all patients with leaflet displacement; MR = mitral regurgitation; PLA = patients with leaflet 


displacement seen in both the apical and parasternal planes; VA = ventricular arrhythmia. 


arrhythmia or symptoms of palpitations or syncope and 
in whom no significant abnormalities other than MVP 
were identified. Of the first 65 patients identified in this 
way and contacted by telephone, 60 agreed to partici- 
pate in the study. Of these, 3 were subsequently exclud- 
ed because individual interview uncovered symptoms 
potentially attributable to ventricular arrhythmia, or 
antiarrhythmic medications were being taken. 
Volunteer control subjects were recruited by adver- 
tising within the hospital and university staff. Sixty indi- 
viduals with no history of cardiac disease or major med- 
ical illness agreed to undergo the same series of investi- 
gations as did the study patients. Of these, 5 were 
subsequently excluded (2 because of unsuspected abnor- 
malities of ventricular function found at echocardiogra- 
phy, 2 because of failure to complete study investiga- 








tions, and 1 because of unsuitable image quality). Using 
alphabetically arranged lists of the remaining 57 pa- 
tients and 55 control subjects, each patient was paired 
with the first control subject whose age matched within 
5 years. In this way, 49 matched pairs were formed. 
These 98 subjects constitute the study group. 

Study protocol: Two investigations were carried out 
in all study participants. 

ECHOCARDIOGRAPHY: Two-dimensional and Doppler 
examinations were performed in all subjects using a 
Hewlett-Packard cardiac ultrasound system, equipped 
with a 2.5-MHz transducer. All subjects were examined 
in the left lateral position and images were obtained 
from the parasternal long-axis, apical 4-chamber and 
apical long-axis imaging planes. Patients underwent re- 
peat echocardiography rather than simple review of 
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FIGURE 1. Subtended area was measured in the apical 4-chamber view during systole and is indicated by the shaded area, 
right. Iit was defined as the area contained by the maximally prolapsed mitral leaflets and a dotted line connects the points 
where the leaflets insert into the anulus, /eft. LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle; AML 


= anterior mitral leaflet; PML = posterior mitral leafiet. 
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their previous study to ensure that the echocardiograph- 
ic findings of interest were sought in a standardized 
fashion in all subjects, using the same equipment. 

AMBULATORY ELECTROCARDIOGRAPHIC MONITORING: 
Twenty-four hour studies were performed with the 
Marquette series 8500 dual channel Holter recorders. 
Recordings were screened by a Marquette series 8000/ 
T analysis system. 

Analysis of results: DEFINITION AND QUANTITATION OF 
LEAFLET DISPLACEMENT: A study was said to demonstrate 
systolic leaflet displacement if either or both of the mi- 
tral leaflets passed into the left atrial side of a line con- 
necting their anular hinge points in either the paraster- 
nal long-axis or apical 4-chamber imaging planes. These 
hinge points were identified by real-time videotape re- 
view. The degree of systolic leaflet displacement was 
quantitated in 3 ways. Parasternal long-axis displace- 
ment: All patients were found to demonstrate systolic 
leaflet displacement in at least the apical 4-chamber 
view. They were therefore subdivided on the basis of 
whether displacement could also be demonstrated in the 
orthogonal parasternal long-axis view. Subtended area: 
The degree of leaflet displacement was quantitated by 
measuring the area subtended by the line connecting the 
anular hinge points of the mitral leaflets, and the coapt- 
ed mitral leaflets in systole (Figure 1). The area was 
measured at its maximum, as determined by real-time 
review of the videotape. For both this measurement and 
for measurement of leaflet ascent, the apical 4-chamber 
imaging plane was used. To provide consistency in mea- 
surement, the view was standardized by ensuring that it 
incorporated both mitral leaflet hinge points and the 
maximum left ventricular cavity length. Leaflet ascent: 
The maximum ascent of the mitral leaflets was deter- 
mined by measuring the shortest distance from the ven- 
tricular aspect of the leaflets at their point of maximum 
ascent in systole to the line connecting the anular hinge 
points of the leaflets. This measurement was taken from 
the same video image used for measurement of subtend- 
ed area. 

For all measurements, at least 3 values were ob- 
tained and averaged. 

MEASUREMENT OF CHAMBER DIMENSIONS: The para- 
sternal long-axis view was used to determine left ven- 
tricular and anteroposterior left atrial dimensions. The 
transverse left atrial dimension was measured from the 
2-dimensional short-axis image and the superior-inferior 
left atrial dimension from the apical 4-chamber image. 
All atrial measurements were made at end-systole using 
the inner edge to inner edge convention. Left atrial vol- 
ume was calculated from these measurements using a 
prolate ellipsoid model. Left atrial volume = 4/3 X 
(D,/2) X (D2/2) X (D3/2) where Dı, D2 and D; rep- 
resent the 3 left atrial dimensions described above. Left 
ventricular dimensions and fractional shortening were 
measured in standardized fashion.!? 

MEASUREMENT OF LEAFLET THICKNESS: The parasternal 
long-axis view was used to measure thickness of the an- 
terior mitral leaflet. A video frame recorded in diastole 
in which the leaflet was oriented at right angles to the 


ultrasound beam and in which the edges of the leaflet 
were clearly defined was chosen. 

ASSESSMENT OF MITRAL REGURGITATION: Pulsed wave 
Doppler examination was carried out in all subjects spe- 
cifically interrogating the left atrium for regurgitant 
jets. Significant mitral regurgitation was said to be pre- 
sent if a consistent jet of systolic regurgitant flow could 
be detected beyond the proximal quarter of the atrium 
in multiple imaging planes. 

ASSESSMENT OF VENTRICULAR ARRHYTHMIA: All 24- 
hour ambulatory electrocardiographic recordings were 
initially screened by a Marquette series 8000/T analysis 
system. All abnormalities were confirmed by an experi- 
enced Holter technician and reviewed by one of us 
(HA). Significant ventricular arrhythmia was diag- 
nosed if one of the following 2 criteria was fulfilled: an 
average of 210 ventricular premature beats per hour 
over the 24-hour recording period; or any episodes of 
ventricular tachycardia occurred, defined as 23 consec- 
utive ventricular premature beats occurring at a rate of 
2100 beats/min. These criteria are modelled after 
those of Bigger.!? 

Statistical analysis: Comparisons between the study 
group and control subjects or between subgroups of the 
patients and control subjects were carried out using the 
Student ¢ test or the Bartlett test for analysis of vari- 
ance. Chi-square analysis was used to assess differences 
in the incidence of various events. Significance was as- 
sessed at a level of p <0.05. Stepwise logistic regression 
analysis was used to assess the effect of various factors 
both alone and in combination on the clinical outcomes 
of ventricular arrhythmia and mitral regurgitation. 


RESULTS 

Baseline characteristics and chamber dimensions: 
Table I lists the age, sex and body surface area of the 
patients, control group and the patients subgrouped on 
the basis of leaflet displacement in the parasternal long- 
axis imaging plane. Left atrial volumes, left ventricular 
dimensions and left ventricular fractional shortening 
were all within the normal ranges for all the groups. No 
statistically significant differences in any of these pa- 
rameters were detected when the entire study group or 
either subgroup was compared with each other or with 
the control group. 

Leaflet thickness: Leaflet thickness measured 3.2 + 
0.4 mm in the control subjects and 3.7 + 0.9 mm in the 
patient group (p <0.001) (Table I). Subdivision of the 
patient group revealed that the increased thickness was 
limited to the subgroup with parasternal long-axis dis- 
placement and that those with displacement limited to 
the apical 4-chamber view did not differ significantly 
from the control group. 

Mitral regurgitation: Significant mitral regurgita- 
tion, as defined above, was found in only 1 of the con- 
trol patients, but in 8 of those with leaflet displacement 
(Table I). Six of these 8, however, were in the subgroup 
with parasternal long-axis displacement. As a result, a 
highly significant difference in the incidence of mitral 
regurgitation between the patients with MVP and con- 
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TABLE II Comparison of Quantitative Displacement and Leaflet Thickness in Patients with Parasternal Long-Axis Displacement 


Ventricular Arrhythmia Mitral Regurgitation 





Present Absent Present Absent 
No. 7 15 6 16 
Ascent (mm) 7.2+3.1 47+£1.3 7.8429 € 4.7 £1.3 
Area (cm?) 1.91.0 1.00.3 2.1 +40.9 . 1.0+0.3 
Thickness (mm) 4841.0 ‘ 3.9+1.0 46+1.1 4.10.9 
MR (%) 4 (57) t 2 (13) -— — 
VA (%) — -— 4 (67) t 3 (19) 


* p <0.05; t p <0.01. 
Abbreviations as in Table |. 


trol subjects was observed, but it was limited to the sub- 
group with parasternal long-axis displacement. 
Ventricular arrhythmia: Ventricular arrhythmia was 
detected in 10 patients compared with only 1 control 
subject (2.0 vs 20.4%, p <0.001) (Table I). Of the 10 
patients with ventricular arrhythmia, 5 had ventricular 
tachycardia and 5 had >10 ventricular premature con- 
tractions per hour over the 24-hour monitoring period. 
Three of the 5 with ventricular tachycardia also had 


SYSTOLIC LEAFLET ASCENT 


a Ascent (mm) 


-MR +VA -VA 


LEAFLET THICKNESS 


Thickness (mm) 


>10 ventricular premature contractions per hour, thus 
fulfilling both criteria. The 1 control subject with signif- 
icant ventricular arrhythmia was a 73-year-old woman 
who had a run of nonsustained ventricular tachycardia 
that was asymptomatic. Again, most of the positive 
findings were in the parasternal long-axis subgroup (Ta- 
ble I), in which the incidence was significantly higher 
than in both the control group and the apical 4-chamber 
subgroup. Although only 3 of the apical 4-chamber pa- 
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FIGURE 2. Bar diagrams illustrating greater values for A, leaflet ascent, B, subtended area, C, leaflet thickness and D, para- 
sternal long-axis (PLA) displacement in mitral valve prolapse patients with either ventricular arrhythmia (VA) or mitral regurgi- 


tation (MR). 
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tients showed significant arrhythmia, this represented a 
significantly different result when compared with the 
control subjects. An additional 6 subjects (2 control and 
4 MVP patients) had a single episode of ventricular bi- 
geminy during the monitoring period. 

Characterization of patients with mitral regurgita- 
tion or ventricular arrhythmia: Patients with signifi- 
cant mitral regurgitation or ventricular arrhythmia had 
greater leaflet ascent (Figure 2). This difference was 
statistically significant for mitral regurgitation only. Pa- 
tients with either of these complications also had greater 
subtended areas, although this difference reached statis- 
tical significance only in those with ventricular arrhyth- 
mia. Leaflet thickening was significantly greater in pa- 
tients with either of these complications than in those 
without. There was a highly significant association of 
parasternal long-axis displacement with both complica- 
tions. 

Quantitation of leaflet displacement within the sub- 
group with parasternal long-axis displacement: Maxi- 
mum leaflet ascent averaged 5.5 + 2.3 mm in the para- 
sternal long-axis subgroup but only 4.0 + 1.0 mm in the 
apical 4-chamber subgroup (p <0.01). Subtended area 
was 1.3 + 0.7 cm? in the parasternal long-axis subgroup 
and 0.8 + 0.2 cm? in the apical 4-chamber subgroup (p 
<0.005). Because most ventricular arrhythmia and mi- 
tral regurgitation occurred in the parasternal long-axis 
subgroup, the relation between quantitative leaflet dis- 
placement and these complications was further exam- 
ined within these 22 patients (Table II). It can be ap- 
preciated that both leaflet ascent and subtended area 
were greater in patients with mitral regurgitation or 
ventricular arrhythmia than those without. Although 
numbers are small in these subgroups, the difference 
reached statistical significance for mitral regurgitation. 
Leaflet thickness was also greater in patients with either 
complication, and statistical significance was achieved 
for ventricular arrhythmia. Finally, a tendency for the 2 
complications to occur together was observed. 

Logistic regression analysis: Age, sex, leaflet as- 
cent, subtended area, leaflet thickness and presence of 
displacement in the parasternal long-axis imaging plane 
were all entered into the logistic regression model as 
independent variables. Table III lists these factors as 
univariate predictors of both ventricular arrhythmia and 
mitral regurgitation. Subtended area, thickness, para- 
sternal long-axis displacement, age and leaflet ascent 
were all significant univariate predictors of both ventric- 
ular arrhythmia and mitral regurgitation with subtend- 
ed area being the most important. 

In multivariate analysis, the development of ventric- 
ular arrhythmia was found to be optimally predicted by 
a combination of subtended area, leaflet ascent and age. 
With coefficients of 7.3, —1.2 and 0.08, respectively, 
and constant term —7.5, a regression equation could be 
developed that predicted the occurrence of ventricular 
arrhythmia with 70.0% sensitivity, 87.2% specificity and 
83.6% predictive accuracy. For development of mitral 
regurgitation, optimal predictive value was obtained 





TABLE Ill Logistic Regression Analysis: Univariate Analysis 






Variable F Value p Value 






Analyzing for ventricular arrhythmia as outcome 







Subtended area 14.14 0.0004 
Leaflet thickness 9.33 0.0035 
PLA displacement 7.59 0.0080 
Age f 






Leaflet ascent 






Analyzing for mitral regurgitation as outcome 







Subtended area 23.09 0.0001 
Leaflet ascent 14.37 0.0004 
Leaflet thickness 7.47 






Age 





with a combination of subtended area, leaflet thickness 
and age, with coefficients of 8.1, 18.8 and 0.2, respec- 
tively, with a constant term of —16.4. This yielded a 
sensitivity of 77.8%, specificity of 85.4% and predictive 
accuracy of 84.2%. 


DISCUSSION 

Patients with severely thickened, myxomatous mitral 
leaflets are at risk for the development of morbid com- 
plications such as endocarditis and progressive mitral 
regurgitation requiring valve replacement. Echocardio- 
graphically, these patients are characterized by systolic 
displacement of the mitral leaflets to the left atrial side 
of the mitral anulus. However, it is not clear whether all 
degrees of such systolic displacement necessarily con- 
note abnormality and increased risk. In fact, the high 
incidence of such systolic displacement found by 2-di- 
mensional echocardiography in asymptomatic popula- 
tions would suggest that although sensitive, this finding 
lacks specificity. To identify the minority truly at risk 
and to avoid false “labeling” of healthy persons, the re- 
lation of this echocardiographic feature must be as- 
sessed against the occurrence of physiologic abnormali- 
ties or clinically identifiable events. 

Significance: This study offers evidence that should 
help to refine the echocardiographic characterization of 
MVP. Our results indicate that within the population of 
patients with systolic mitral leaflet displacement a sub- 
group can be defined in whom the incidence of ventricu- 
lar arrhythmia and mitral regurgitation is virtually con- 
fined. This subgroup can be characterized on the basis 
of displacement evident in anteroposterior as well as 
mediolateral imaging planes. The results further indi- 
cate that patients with either ventricular arrhythmia or 
mitral regurgitation had greater quantitative degrees of 
leaflet displacement and greater leaflet thickness. This 
was also true of the subgroups of patients with mitral 
regurgitation or ventricular arrhythmia within the para- 
sternal long-axis subgroup. This indicates that quantita- 
tive displacement further differentiated patients even 
within the group with parasternal long-axis displace- 
ment. Multivariate analysis using stepwise logistic re- 
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gression demonstrated that optimal predictability for 
ventricular arrhythmia was achieved by quantitation of 
leaflet displacement and patient age alone, indicating 
that the influence of the other markers was “overpow- 
ered” in the analysis by these parameters. In the case of 
mitral regurgitation, quantitative displacement and leaf- 
let thickness combined with age to give optimal predic- 
tive power. 

These results further suggest that the disparate re- 
sults of previous studies looking at the relation of ven- 
tricular arrhythmia to MVP>!! may be accounted for 
by failure to fully characterize leaflet displacement. 
Proper interpretation of further studies regarding the 
associated complications and long-term outlook of pa- 
tients with echocardiographically noted MVP will re- 
quire full characterization of the population studied, 
based on markers such as those presented in this study. 

Parasternal displacement, quantitative displace- 
ment and leaflet thickness: The importance of displace- 
ment in the parasternal imaging plane is not unexpected 
in view of the elucidation of the 3-dimensional shape of 
the mitral anulus by Levine,!4 Handschumacher!> and 
their co-workers. The nonplanar, saddle shape suggests 
that in the apical 4-chamber imaging plane, the leaflets 
may appear to lie on the atrial side of the mitral anulus 
in systole even though they fail to prolapse beyond the 
high points of the mitral anulus. However, the orthogo- 
nally oriented parasternal plane cuts through the high 
points of the anulus; thus, displacement visualized in 
this plane represents true prolapse above the anulus. 
Complications attributable to MVP would therefore be 
expected to occur in patients manifesting displacement 
in the parasternal imaging plane as well as the apical. 
Our current results support this contention and are in 
agreement with previous studies.!416-17 Our finding of a 
slightly higher incidence of ventricular arrhythmia in 
patients with apical 4-chamber prolapse was not expect- 
ed on the basis of this theory and does not agree with 
other results. This may reflect our use of normal volun- 
teers as control subjects, rather than referral patients 
who have had normal study results. Such “referred nor- 
mals” are more likely to have had cardiac complaints in 
the past that may have been arrhythmia. 

This anular shape would also suggest that patients 
with displacement apparent in the parasternal long-axis 
view represent those with quantitatively greater degrees 
of displacement. This is supported by our finding of sig- 
nificantly greater values for subtended area and ascent 
in the subgroup with parasternal displacement. That as- 
cent proved a less sensitive indicator of severity than 
subtended area is also not surprising. Although these 
2 measurements are clearly correlated, leaflet ascent 
could be unduly influenced by localized or unileaflet 
prolapse and therefore give misleading impressions of 
prolapse severity. 

Leaflet thickening relates pathologically to prolifera- 
tion of myxomatous tissue in the spongiosa layer of the 
leaflet and has been shown echocardiographically to dif- 
ferentiate patients with clinical markers of MVP from 
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normal subjects.!® Our results—showing it to be a pre- 


dictor of both mitral regurgitation and ventricular ar- 
rhythmia—support previous retrospective M-mode!” 


and 2-dimensional echocardiographic”® studies demon- 
strating its relation to clinical complications such as in- 
fective endocarditis, requirement for valve replacement 
and sudden death. 

Limitations: The differences in quantitative displace- 
ment and leaflet thickness are statistically important 
but quantitatively quite small. They do not, therefore, 
provide a clear “dividing line” between high and low 
risk subgroups. Rather, the results serve to characterize 
true leaflet abnormality in a general sense and, further, 
suggest that the combinations of these findings may 
carry even greater prognostic significance. This latter 
point must be confirmed by large scale, prospective 
studies. 

The subjects of this study were all asymptomatic, 
and direct clinical correlation is uncertain. However, 
these results suggest that leaflet displacement in the set- 
ting of the markers studied is associated with electro- 
physiologic or mechanical alterations that may predis- 
pose to clinically important abnormalities. Again, the 
prognostic significance of these preliminary results must 
be assessed in prospective studies. 
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Intermediate-Term Follow-Up Results of Balloon 
Aortic Valvuloplasty in Infants and Children 
with Special Reference to Causes of Restenosis 


P. Syamasundar Rao, MD, Mohinder K. Thapar, MD, Allen D. Wilson, MD, Jay M. Levy, MD, 
and Paramjeet S. Chopra, MD 


A WAKE NVE DRE of PAE Se SRS VTS Ae bel oh A RS 
Sixteen infants and children with valvular aortic 
stenosis underwent percutaneous balloon aortic 
valvuloplasty over a 36-month period ending 
August 1988. The mean systolic pressure gradient 
across the aortic valve decreased from 72 + 21 
(mean + standard deviation) to 28 + 13 mm Hg (p 
<0.001) immediately after valvuloplasty; the 
degree of aortic insufficiency did not significantly 
increase. Follow-up catheterization (in 10 patients) 
and Doppler data (in all 16 patients) were available 
3 to 32 months (mean 12 months) after valvulo- 
plasty and revealed a residual aortic valvular gradi- 
ent of 37 + 23 mm Hg, which continues to be 
significantly lower (p <0.001) than that before 
valvuloplasty. There was no increase in aortic 
insufficiency. On the basis of follow-up data, the 16 
children were divided into 2 groups: group I with 
good results (gradients <49 mm Hg), 12 patients; 
and group Il with poor results (gradients 250 mm 
Hg), 4 patients. All 4 patients in group Il required 
repeat balloon valvuloplasty or surgical valvotomy; 
none from group I required these procedures. Sev- 
enteen general, anatomic, physiologic and technical 
variables were examined by a multivariate logistic 
regression analysis to identify factors associated 
with restenosis; these,risk factors were: age <3 
years; and immediate aortic valvular gradient after 
valvuloplasty 230 mm Hg. The immediate and in- 
termediate-term follow-up results of balloon aortic 
valvuloplasty are encouraging. Recognition of the 
risk factors may help identify potential candidates 
for recurrence. Attempts to reduce the immediate 
gradients after balloon valvuloplasty to <30 mm Hg 
may prevent recurrences at intermediate-term fol- 
low-up. 

(Am J Cardiol 1989;64:1356-—1360) 
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has been used in pediatric patients over the last 

few years. Several studies on the immediate and 
intermediate-term results of balloon dilatation of valvu- 
lar pulmonic stenosis and coarctation of the aorta have 
been reported, but there are only a few such reports in 
valvular aortic stenosis.!-© Furthermore, the reasons for 
recurrence at follow-up have not been studied thorough- 
ly. We present our experience with percutaneous bal- 
loon dilatation of aortic valvular stenosis with regard to 
immediate and intermediate-term follow-up results and 
systematically investigate the causes of restenosis. 


pP ercutaneous balloon dilatation of stenotic lesions 


METHODS 

Study patients: During a 36-month period ending 
August 1988, 16 consecutive infants and children, aged 
7 months to 16 years, underwent balloon dilatation of 
valvular aortic stenosis. Informed consent was obtained 
from the parents of each patient. In each patient, 100 
U/kg of heparin (maximum 2,000 U) was administered 
immediately after the introduction of the arterial cath- 
eter. After recording the pressure pullback tracings 
across the aortic valve and thermodilution cardiac out- 
puts in triplicate, cineangiography (aortic root and left 
ventricle) was performed, a final diagnosis was made in 
each patient and valvuloplasty was performed with a 
5Fr to 9Fr Grüntzig or Meditech (Mansfield) balloon 
dilatation catheter. The size of the balloon was chosen 
to be within 1 to 2 mm of the size of the aortic valve 
anulus (most frequently balloon size was no more than 
the size of the anulus). The balloon size varied from 8 to 
20 mm. Four patients underwent the procedure with 2 
balloons simultaneously inflated; double balloon tech- 
nique was chosen when the aortic valve anulus was too 
large to dilate with a single commercially available bal- 
loon. Effective balloon size was calculated by using a 
formula developed in our laboratory.” The length of the 
balloon was 3 to 4 cm; more recently 5.5 cm long, low 
profile balloons were used. The balloon was inflated 
with diluted contrast material to approximately 4 to 6 
atmospheres of pressure. The duration of full inflation 
of the balloon was 5 seconds. The balloon dilatation was 
performed on 22 occasions 25 minutes apart. 

Fifteen minutes after the last balloon dilatation, a 
pressure pullback tracing was recorded across the aortic 
valve. Thermodilution cardiac outputs were repeated 
and an aortic root cineangiogram was performed. Two- 
dimensional echocardiogram and Doppler peak flow ve- 
locity in the ascending aorta were recorded within 24 
hours after valvuloplasty in all patients. Doppler esti- 


TABLE I Local Anatomic Factors 


Aortic valve morphology 
Thin and mobile 
Thin and immobile 
Thick and mobile 
Thick and immobile 
No. of aortic valve cusps 
Biscuspid 
Tricuspid 
Hypoplasia of aortic valve anulus 


Prior surgical valvuloplasty 
Degree of aortic insufficiency 
(Before valvuloplasty) 
None 
1+ 


Degree of aortic valve insufficiency 
(After valvuloplasty) 
None 
1+ 
2+ 


TABLE II Physiologic Variables 


Group | 





before valvuloplasty (mm Hg) 


Systolic pressure gradient across the 70+ 22 


aortic valve, before valvuloplasty (mm Hg) 

Systolic pressure gradient across 24+11 
the aortic valve, immediately 
after valvuloplasty (mm Hg) 


Percent reduction of aortic valve 64418 


gradient after valvuloplasty 


Left ventricular peak systolic pressure, 158 + 27 


p Value 


Logistic 





Group II Logistic 





162 +15 
79 + 20 0.65 0.62 
42 +13 0.03 0.02 
568 0.5 0.44 


Data are mean + standard deviation. 


mate of the pressure gradient was calculated by using 
the formula®-!°; AP = 4(V,? — V2), where AP is aor- 
tic valve gradient and V; and V, are Doppler flow ve- 
locities in the left ventricular outflow tract and ascend- 
ing aorta, respectively. 

Follow-up: Follow-up cardiac catheterization and 
angiography were performed in 10 patients 3 to 32 
months (14 + 10 months) after balloon valvuloplasty. 
Follow-up echo-Doppler studies were available in all 16 
patients 3 to 32 months (12 + 9 months) after valvulo- 
plasty. Based on the follow-up catheterization-measured 
peak-to-peak aortic valve gradient or Doppler-estimated 
maximum instantaneous aortic valve gradients, or both, 
these children were divided into 2 groups: group I— 
good results with aortic valve gradient <49 mm Hg; 
and group I]—poor results with gradients >50 mm Hg. 
The data as listed in Tables I through III were obtained 
in a conventional manner. Aortic valve anulus was mea- 
sured from both lateral and anteroposterior views of 
cineangiograms, corrected for magnification and aver- 
aged. The diameter of the aortic valve ring was com- 
pared with Rowlatt’s data!! and was considered small if 
it was smaller than the mean value for the patient’s 


body surface area. Aortic valve morphology was as- 
sessed and classified as described previously by Sholler 
et al.° Aortic insufficiency was graded according to 
Hunt et al.!? 

Statistical methods: The Student ¢ (2-tailed) test 
was used for comparison of data obtained before and 
after valvuloplasty, as well as for comparison of the 
groups. Frequency distributions were compared using 
chi-square. Fisher exact and Kruskal-Wallis tests were 
used when appropriate. Multivariate logistic regression 
analysis was performed to identify significant factors re- 
sponsible for restenosis. The level of statistical signifi- 
cance was set at p <0.05. 


RESULTS 

Sixteen children, 12 boys and 4 girls, with weights 
from 6.7 to 57 kg (mean 24.6) underwent balloon aortic 
valvuloplasty. Four were infants and 12 were children. 
There were no neonates. Aortic coarctation was present 
in 3 of these children (also dilated at the same time in 1 
child and 6 months before aortic valvuloplasty in 2 chil- 
dren, with good results). No other defects (other than 
bicuspid aortic valve in 7) were present. Four of these 
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TABLE Ill Technical Factors 





Group | 

(n = 12) 
Balloon /aortic valve anulus ratio 1.03+0.13 
Maximum pressure achieved in the 5.3 + 0.6 

balloon (atm) 

No. of balloon inflations 3.841.5 
Total duration of balloon inflation (seconds) 2047 
No. of pts in whom double balloon 3 


technique was used 


Group II ———— 
(n =4) Logistic 
1.02 + 0.17 0.75 0.73 
45+1.0 0.71 0.15 
3.8 + 2.9 0.9 0.89 
20+ 14 1.0 0.76 
1 1.0* 1.00 


* Fisher exact test. 
Data are mean + standard deviation. 


children had previously undergone surgical aortic valvo- 
tomy 0.75 to 6 years (mean 4 years) before aortic bal- 
loon valvuloplasty. 

Several complications were encountered during the 
procedure. One infant developed ventricular fibrillation 
from which she was successfully resuscitated. There 
were no sequelae. Two children developed left bundle 
branch block that resolved within 12 hours. Three chil- 
dren sustained significant blood loss during catheter/ 
guidewire exchanges, and required blood transfusions. 
None had signs suggesting occluded femoral artery. 

Immediate results: After balloon valvuloplasty, the 
systolic pressure gradient across the aortic valve de- 
creased from 72 + 21 (mean + standard deviation) to 
28 + 13 mm Hg (p <0.001) as did the left ventricular 
peak systolic pressure (162 + 21 vs 124 + 18 mm Hg, p 
<0.001). The percent reduction of aortic valvular gradi- 
ent ranged from 35 to 92% (60 + 17%). The left ven- 
tricular end-diastolic pressure also decreased (13 + 5 vs 
9 + 6 mm Hg, p <0.01). The cardiac index (3.4 + 0.5 
vs 3.4 + 0.4 liters/min/m*) remained unchanged (p 
>0.1). The degree of aortic insufficiency, as evaluated 
by aortic root cineangiograms before and immediately 
after balloon valvuloplasty, remained unchanged in 11 
children, improved in 3 and worsened in 2 children 
(from 0 to 1+ in 1 and from 0 to 2+ in the other). 
None of these patients had severe aortic insufficiency. 

When severity of aortic valve stenosis was graded 
according to the criteria used in a natural history 
study,'? 4 children were in the severe category (gradi- 
ents 280 mm Hg) and 12 children were in the moder- 
ate group (gradients from 50 to 80 mm Hg) before val- 
vuloplasty. After valvuloplasty, each child improved 
with regard to severity rating; there were none in the 
severe category, 1 in the moderate group, 7 in the mild 
category (gradient 25 to 50 mm Hg) and 8 in the trivial 
group (gradient <25 mm Hg). The Doppler flow veloci- 
ty in the ascending aorta decreased from 4.0 + 0.5 to 
3.0 + 0.8 m/s (p <0.001) immediately after valvulo- 
plasty, indicative of a decrease in calculated pressure 
gradient from 61 + 17 to 34 + 20 mm Hg (p <0.001). 
Echocardiographically determined left ventricular end- 
diastolic dimension (36 + 9 vs 35 + 10 mm, p >0.1), 
left ventricular posterior wall thickness (7.2 + 2.1 vs 7.5 
+ 1.9 mm, p >0.1) and left ventricular shortening frac- 
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tion (50 + 8 vs 47 + 8%, p >0.1) remained unchanged 
when compared to prevalvuloplasty values. All patients 
were discharged home within 24 hours after the proce- 
dure. None of the patients required immediate surgical 
intervention. 

Follow-up results: The mean residual aortic valvular 
gradient was 37 + 23 mm Hg. These values remained 
lower than those before valvuloplasty (p <0.001) and 
not significantly different (p >0.1) compared to gradi- 
ents immediately after valvuloplasty. Among the pa- 
tients undergoing angiography, the aortic insufficiency 
was judged as 1+ in 6 children, 2+ in 2 and 3+ in 2. It 
was judged as 1+ to 2+ by Doppler echocardiography 
in the remaining 6 children. Echocardiographically de- 
termined left ventricular end-diastolic dimension (40 + 
8 mm, p >0.1), left ventricular posterior wall thickness 
(7.3 + 1.7 mm, p >0.1) and left ventricular shortening 
fraction (47 + 6%, p >0.1) at follow-up remain un- 
changed. Peak Doppler flow velocity in the ascending 
aorta, 3.1 + 0.7 m/s, representing a calculated gradient 
of 35 + 19 mm Hg remained improved (p <0.001) 
compared with prevalvuloplasty values (4.0 + 0.5 m/s) 
and unchanged (p >0.1) compared to values immedi- 
ately after valvuloplasty (3.0 + 0.8 m/s). 

Causes of restenosis: Despite improvement as a 
group, several children had significant residual gradi- 
ents at follow-up (Table IV). Based on the individual 
results of follow-up cardiac catheterization and Doppler 
gradients, these children were divided into 2 groups. To 
assure the validity of using Doppler data in classifying 
into either group, Doppler-calculated gradients were 
compared with catheterization-measured gradients in 
the 10 children with both catheterization and Doppler 
follow-up data. In each patient the catheterization gra- 
dient was overestimated by the Doppler gradient by 0 to 
15 mm Hg (6 + 6 mm Hg). In no patient was there 
underestimation of the gradient. These data would sug- 
gest that no patient in group I was inappropriately clas- 
sified. There were 12 children with good results (group 
I) and 4 with poor results (group II). In group I the 
gradient across the aortic valve decreased (70 + 21 vs 
24 + 11 mm Hg, p <0.001) immediately after balloon 
valvuloplasty, which remained unchanged (p >0.1) at 
follow-up (26 + 10 mm Hg). In group II children aortic 
valve gradient decreased from 79 + 20 to 42 + 13 mm 


Hg (p <0.01). However, on follow-up the gradient, 73 
+ 5 mm Hg, had returned toward the prevalvuloplasty 
values (p >0.1). None of the group I children required 
surgical repair or repeat balloon dilatation. In group II, 
2 children underwent repeat balloon valvuloplasty and 2 
underwent surgical valvotomy, all with good results 
(Table IV); the residual Doppler gradients 9 months 
later were available in 2 children and were 25 and 27 
mm Hg. Seventeen different variables were examined 
by multivariate logistic regression analysis to identify 
risk factors responsible for restenosis in group II pa- 
tients (Tables I to III). 

General factors: The age at valvuloplasty was lower 
(p <0.05) in group II with poor results (2.7 + 2.5 
years) than in group I with good results (8.8 + 5.0 
years). Three of 5 children <3 years restenosed the aor- 
tic valves. Only 1 of 11 children >3 years old developed 
restenosis (p <0.005, chi-square test). Decreasing the 
age cutoff to 2 and 1 years, respectively, did not im- 
prove the statistical significance. Duration of follow-up 
was 12 + 10 months for group I and 8 + 4 months for 
group II (p >0.1). 

Local anatomic factors: The type of valve morpholo- 
gy (thickness and mobility), number of aortic valve 
cusps (bicuspid or tricuspid), presence of valve ring hy- 
poplasia, previous surgical aortic valvotomy and degree 
of aortic insufficiency before and immediately after aor- 
tic valvuloplasty (Table I) did not influence restenosis 
(p >0.05 to >0.1). 

Physiologic variables: The levels of prevalvuloplasty 
left ventricular peak systolic pressure and peak systolic 
aortic valvular gradient (Table II) were not different (p 
>0.1) between the groups. However, the residual aortic 
valvular gradient immediately after balloon valvuloplas- 
ty was higher (p <0.05) in group II with restenosis (42 
+ 13) than that in group I (24 + 11 mm Hg). Contin- 
gency tables at various levels of residual immediate aor- 
tic valvar gradients after valvuloplasty were prepared. 
Four of 8 patients with residual gradients >30 mm Hg 
developed restenosis, whereas none of the 8 patients 
with gradients <30 mm Hg developed restenosis (p 
<0.005, chi-square test). 

Technical factors: Several technical factors, as listed 
in Table III, were examined, and were found to be simi- 
lar in both groups. 

Multiple risk factors: Multivariate logistic regres- 
sion identified 2 major risk factors: age at valvuloplasty 
(<3 years) and residual aortic valvular gradient 230 
mm Hg. When the effect of these 2 risk factors on re- 
currence of aortic stenosis is examined, all 3 patients 
with both risk factors had recurrence, only 1 of 7 with 1 
risk factor had recurrence and none of 6 without risk 
factors had recurrence. Thus, the larger the number of 
risk factors, the higher is the chance for restenosis. 


DISCUSSION 

immediate results: Immediate successful results of 
balloon aortic valvuloplasty in infants and children re- 
ported in the present study are similar to those observed 
by other investigators.!-6 None of our patients required 
immediate surgical intervention and none developed sig- 





TABLE IV Aortic Valve Gradients After Balloon Valvuloplasty 


Pt. Follow- 
No. Pre Imm Up RI 2FU 










Group | 


Group II 






* surgical aortic valvotomy; t repeat balloon valvuloplasty. 

Pre = before valvuloplasty; Imm = immediately after valvuloplasty; RI = repeat 
intervention; 2FU = follow-up after repeat intervention. D = gradient derived from 
Doppler measurements as indicated in the text. 








nificant aortic insufficiency. Although we did not have 
neonates in our study group, several others>.°!4-!6 report 
the usefulness of this technique in neonates. 

Follow-up results: Although acute results of balloon 
aortic valvuloplasty are available from many stud- 
ies!~®.14-20 follow-up studies have not been extensively 
documented.*+°?! Lababidi et al? reported cardiac 
catheterization results in 6 patients, 3 to 9 months after 
balloon aortic valvuloplasty; the residual aortic valvular 
gradient was 38 + 32 mm Hg with gradients >60 mm 
Hg in 2 of 6 children restudied. In a later study Walls et 
al?! reported 3- to 13-month follow-up catheterization 
data in 14 patients and found residual gradients of 37 + 
22 mm Hg. However, the number of patients with mod- 
erate to severe residual gradients was not mentioned. 
Helgason et al* recatheterized 10 patients 6 weeks to 6 
months after valvuloplasty. Aortic valve gradients >35 
mm Hg in 8 patients and 250 mm Hg in 4 patients 
were present at follow-up. Sholler et al® reported recath- 
eterization results in 16 patients 1 to 25 months after 
valvuloplasty and found significant residual aortic valve 
gradients (45 + 29 mm Hg) at follow-up. Sholler et al 
also performed Doppler evaluation in 29 patients 1 to 
24 months after dilatation and found a maximum in- 
stantaneous gradient of 40 + 22 mm Hg. However, it is 
not clear how many patients had residual gradients >50 
or 80 mm Hg at follow-up. Our current results, with 
residual gradient 37 + 23 mm Hg at follow-up, are 
comparable to the reports of Lababidi,? Walls,?! Helga- 
son,* Sholler® and their co-workers. 

Comparison with surgical results: Comparison of 
follow-up results of surgical versus balloon aortic valvu 
loplasty is fraught with problems because of the small 
number of balloon valvuloplasty patients available for 
follow-up, shorter duration of postballoon dilatation fol- 
low-up and possible inaccuracy of comparing “older” 
surgical studies with “current” balloon aortic valvulo- 
plasties. Nine representative reports!37?-?° investigating 
long-term follow-up results were reviewed to assess the 
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long-term outlook of surgical aortic valvotomy. These 
investigators??? followed 41 to 179 patients for 0.3 to 
26 years after surgical relief of aortic stenosis. Opera- 
tive mortality varied from 0 to 4% when neonates and 
young infants were excluded; the Cooperative Natural 
History Study! had a 1.2% mortality among 162 chil- 
dren undergoing open aortic valvotomy. Late mortality 
varied from 4 to 22%?2-?? whereas in the natural history 
study! it was only 1.9%. Restenosis of the aortic valve 
was noted in 16 to 78% of patients whereas significant 
aortic insufficiency developed in 6 to 65% of patients. 
Reoperation either to relieve residual aortic obstruction 
or to correct aortic insufficiency was required in 16 to 
36% of patients.!322-29 Thus, significant incidence of 
early and late mortality, development of aortic valve re- 
stenosis and insufficiency at follow-up and need for re- 
operation associated with surgical aortic valvotomy as 
reported by several investigators!3??°? might make bal- 
loon aortic valvuloplasty an attractive alternative to sur- 
gical valvotomy. 

Causes of restenosis: To our knowledge, the causes 
for recurrence of aortic valve stenosis at follow-up have 
not been studied. However, Sholler et al® studied the 
influence of technical and morphologic features on the 
immediate results of aortic valvuloplasty and found that 
the age of the patient, history of surgical valvotomy, 
number of dilating balloons (1 vs 2), balloon to anulus 
ratio and sites of valve fusion did not significantly influ- 
ence gradient relief. They found that patients with thin 
and pliant aortic valve leaflets had a marginally greater 
(p >0.05) relief of obstruction than those with thicker 
aortic valve leaflets. Beekman et al’? claimed that dou- 
ble balloon technique may be superior to single balloon 
valvuloplasty. The validity of these results was ques- 
tioned?! because of more severe aortic obstruction in the 
single-balloon group, differences in balloon sizes, non- 
examination of valve morphology and lack of follow-up 
results. We believe that balloon/anulus ratio is more 
important than whether single balloon or double balloon 
technique is used.2! Double balloon technique may be 
used when the valve anulus is too large to dilate with a 
commercially available single balloon or when a single 
balloon cannot be safely passed across the femoral ar- 
tery.2! In the current study we examined 17 different 
variables by a multivariate logistic regression analysis 
and identified 2 risk factors for development of resteno- 
sis of aortic valve: age <3 years; and residual immedi- 
ate postvalvuloplasty gradient >30 mm Hg. Aortic 
valve morphology and balloon to anulus ratio may play 
a significant role in the recurrence of aortic stenosis, but 
within the range of variability found in the current 
study, there did not seem to be a difference. Because the 
presence of >1 risk factor predisposes to recurrence of 
obstruction, the identification of these risk factors may 
help in patient selection. Avoiding or minimizing risk 
factors may help reduce the chance of restenosis after 
valvuloplasty. Because the immediate postvalvuloplasty 
aortic gradient >30 mm Hg is an alterable and signifi- 
cant risk factor, larger balloons might be used to reduce 
the gradient to <30 mm Hg. 
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NO RECALL OF PROCEDURE!’ complete dosage and administration guidelines. 
NO RECALL It is recommended that patients not drive or operate hazard- 
OF SCOPE ous machinery after receiving VERSED until the effects of the 
NO RECALL WITHDRAWAL drug (e.g., drowsiness) are gone or until the day after anes- 
A L ra e PATIN thesia. Decision must be individualized. 
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Before prescribing, please consult complete product information, a summary 
of which follows: 


Intravenous VERSED has been associated with respiratory depression and respi- 
ratory arrest, especially when used for conscious sedation. In some cases, where 
this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenous VERSED should be used only in hos- 
pital or ambulatory care settings, including physicians’ offices, that provide for 
continuous monitoring of respiratory and cardiac function. Immediate availability 
of resuscitative drugs and equipment and personnel trained in their use should 
be assured. (See WARNINGS.) 

The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal! healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concomi- 
tant narcotics or other CNS depressants. The initial dose and all subsequent 
doses should never be given as a bolus; administer over at least 2 minutes and 
allow an additional 2 or more minutes to fully evaluate the sedative effect. The use 
of the 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
recommended to facilitate slower injection. Consult complete product infor- 
mation under DOSAGE AND ADMINISTRATION for complete dosing information. 






















CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzo- 
diazepines are contraindicated in patients with acute narrow angle glaucoma; may 
be used in open angle glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 

and skilled personnel for maintenance of a patent airway and support of venti- 
lation. Continuously monitor for early signs of underventilation or apnea, which 
can lead to hypoxia/cardiac arrest unless effective countermeasures are taken 
immediately. Vital signs should continue to be monitored during the recovery period. 
Because IV VERSED depresses respiration, and opioid agonists and other sedatives 
can add to this depression, it should be administered as an induction agent only by a 
person trained in general anesthesia and should be used for conscious sedation only 
in the presence of personnel skilled in early detection of underventilation, maintaining 
a patent airway and supporting ventilation. For conscious sedation, do not admin- 
ister IV by rapid or single bolus. Serious cardiorespiratory adverse events have 
occurred. These have included respiratory depression, apnea, respiratory arrest 
and/or cardiac arrest, sometimes resulting in death. There have been rare reports of 
hypotensive episodes requiring treatment during or after diagnostic or surgical 
manipulations in patients who have received VERSED. Hypotension occurred more 
frequently in the conscious sedation studies in patients premedicated with narcotic. 
Reactions such as agitation, involuntary movements, hyperactivity and combativeness 
have been reported. These may be due to inadequate or excessive dosing or 
improper administration; however, the possibility of cerebral hypoxia or true paradoxi- 
cal reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and all other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 

Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal failure and patients with congestive heart failure eliminate 
midazolam more slowly. Because elderly patients frequently have inefficient function of 
one or more organ systems, and because dosage requirements have been shown to 
decrease with age, reduce initial dosage and consider possibility of a profound and/or 
prolonged effect. 

Do not administer in shock, coma, acute alcohol intoxication with depression of vital 
signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown. Avoid 
extravasation. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in activities requiring mental alertness must be individualized; it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicle until 
the effects of the drug, such as drowsiness, have subsided or until the day after anes- 
thesia, whichever is longer. 

Usage in Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (diazepam and chlordiazepoxide) has been 
suggested in several studies. If VERSED is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 

PRECAUTIONS: Genera/: Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 

VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 

Information for patients: Communicate the following information and instructions to 
the patient when appropriate: 1. Inform your physician about any alcoho! consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines; therefore, caution should be 
exercised regarding simultaneous ingestion of alcohol and benzodiazepines. 2. Inform 
your physician if you are pregnant or are planning to become pregnant. 3. Inform 
your physician if you are nursing. 

Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentanyl) and also secobarbital 
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and Innovar (fentany! and droperidol). Consequently, adjust the dosage accordin 
the type and amount of premedication. | 
A moderate reduction in induction dosage requirements of thiopental (about 15% 
has been noted following use of IM VERSED for premedication. : 

IV administration of VERSED decreases the minimum alveolar concentration (MA( 
halothane required for general anesthesia. This decrease correlates with the dose 
VERSED administered. 
Although the possibility of minor interactive effects has not been fully studied, VER 
and pancuronium have been used together in patients without noting Clinically siç 
cant changes in dosage, onset or duration. VERSED does not protect against the 
characteristic circulatory changes noted after administration of succinylcholine o 
pancuronium, or against the increased intracranial pressure noted following adm 
tration of succinylcholine. VERSED does not cause a clinically significant change 
dosage, onset or duration of a single intubating dose of succinylcholine. 

No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyrri 
diazepam, hydroxyzine, d-tubocurarine, succinylcholine and nondepolarizing 
muscle relaxants) or topical local anesthetics (including lidocaine, dyclonine HC! 
Cetacaine) have been observed. 

Drug/laboratory test interactions: Midazolam has not been shown to interfere wit! 
clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male rats 
a small but significant increase in benign thyroid follicular cell tumors. These tum 
were found after chronic use, whereas human use will ordinarily be of single or se) 
doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten tir 
the human IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS sectior 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show e 
dence of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolé 
transferred transplacentally and because other benzodiazepines given in the lasi 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not re 
ommended for obstetrical use. 

Nursing mothers: It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised w 
injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in children below the age of 18 years havı 
been established. 

ADVERSE REACTIONS: See WARNINGS serious cardiorespira 
events and possible paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidal volume and/or respiratory rate decrease (23.3% of patients follov 
IV and 10.8% of patients following IM administration) and apnea (15.4% of patient 
following IV administration), as well as variations in blood pressure and pulse rate 
Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), indu 
(0.5%), redness (0.5%), muscle stiffness (0.3%). Following IV administration: hic- 
coughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation 
(1.6%), headache (1.5%), drowsiness (1.2%); local effects at the IV site: tenderne: 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%), phlebitis 
(0.4%). Other effects (<1%) mainly following IV administration: Respiratory: Lary 
spasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow respiratior 
airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovagal episode, tachycardia, nodal rhythm. Gastrointestinal: Ac 
taste, excessive salivation, retching. CNS/Neuromuscular: Retrograde amnesia, 
euphoria, confusion, argumentativeness, nervousness, anxiety, grogginess, rest! 
ness, emergence delirium or agitation, prolonged emergence from anesthesia, 
dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid 
movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesi 
Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic move: 
of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss of balar 
lightheadedness. /ntegumentary: Hives, hive-like elevation at injection site, swell 
or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella 
neous: Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma. 
Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least ec 
alent to that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other ben: 
diazepines (e.g., sedation, somnolence, confusion, impaired coordination, dimir 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would 
expected. 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent whic 
requires slow administration and individualization of dosage. Clinical expe 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORI? 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE I 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REG/ 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arr 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 
section in the complete product information. 
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Effect of Exercise and Cavity Size 
on Right Ventricular Function in Morbid Obesity 


Martin A. Alpert, MD, Amolak Singh, MD, Boyd E. Terry, MD, Diana L. Kelly, RDMS, 


M.S. Sharaf El-Deane, MD, Vaskar Mukerji, MD, Daniel Villarreal, MD, 
and Andre K. Artis, MD 


To assess the effect of exercise and to determine 


the influence of the right ventricular (RV) internal 
dimension on RV systolic function in morbid 
obesity, M-mode and 2-dimensional echocardiogra- 
phy and radionuclide ventriculography were per- 
formed on 22 patients whose body weight was at 
least twice the ideal body weight and who had no 
clinical or laboratory evidence of underlying organic 
heart disease or pulmonary disease. RV ejection 
fraction was measured at rest and during peak su- 
pine bicycle exercise. RV exercise response was 
defined as the change in RV ejection fraction dur- 
ing peak exercise. There was a significant negative 
correlation between percent over ideal body weight 
and RV exercise response (r = 0.86, p <0.00005) 
and between RV internal dimension and RV exer- 
cise response (r = 0.60, p <0.005). There were 
significant positive correlations between resting RV 
and left ventricular (LV) ejection fraction (r = 0.56, 
p <0.01) and between RV and LV exercise re- 
sponse (r = 0.70, p <0.0005). The subgroup with a 
high-normal or enlarged RV internal dimension 
(22.0 cm, n = 10) experienced no significant 
change in RV ejection fraction with exercise, 
whereas the subgroup whose RV internal dimen- 
sion was <2.0 (n = 12) experienced a significant 
increase in RV ejection fraction from 44 + 10% at 
rest to 58 + 11% at peak exercise (p <0.03). The 
results suggest that in morbidly obese individuals 
without underlying cardiopulmonary disease RV di- 
latation may predispose to RV systolic dysfunction 
and assessment of RV systolic function should opti- 
mally include evaluation of RV exercise response. 
(Am J Cardiol 1989;64:1361-1365) 


From the Departments of Medicine, University of Missouri Health 
sciences Center and Harry S. Truman Memorial Veterans Hospital, 
Columbia, Missouri. Manuscript received April 27, 1989; revised man- 
iscript received and accepted August 7, 1989. 

Address for reprints: Martin A. Alpert, MD, Division of Cardiolo- 
zy, Room 1E-65, University of Missouri Health Sciences Center, One 
Hospital Drive, Columbia, Missouri 65212. 


t is well established that complications of morbid 
[oss such as hypoxia may produce pulmonary arte- 

rial hypertension and clinical manifestations com- 
patible with right ventricular (RV) dysfunction.!-4 In 
recent years it has become increasingly clear that ex- 
treme obesity may produce alterations in left ventricular 
(LV) structure even in the absence of systemic hyper- 
tension and underlying organic heart disease.5-!2 These 
structural abnormalities include LV dilatation that 
evolves from the increase in circulating blood volume 
and cardiac output associated with excessive adipose tis- 
sue accumulation and secondary or “eccentric” hyper- 
trophy that occurs in accordance with the law of La- 
Place.!!-!3 Prior studies have demonstrated that resting 
LV systolic dysfunction commonly occurs in nonhyper- 
tensive morbidly obese individuals without underlying 
organic heart disease.?!° Whether these hemodynamic 
stresses affect the RV in a similar fashion in the ab- 
sence of LV failure, mitral valve disease or pulmonary 
arterial hypertension is uncertain. Moreover, little is 
known about the effect of exercise on RV function in 
extreme obesity. The objectives of this study were to 
assess resting RV systolic function in morbidly obese 
patients and to determine the effect of exercise on RV 
systolic function in such individuals with special refer- 
ence to the RV internal dimension. 


METHODS 

Patient selection: Study patients were selected from 
those referred for surgical therapy of morbid obesity 
(gastroplication).'* Patients entering the study were re- 
quired to weigh at least twice their ideal body weight 
for 25 years. Patients with systemic hypertension, those 
with clinical or laboratory evidence of organic heart dis- 
ease not directly related to obesity (including patients 
with clinical or radiographic evidence of LV failure) 
and those receiving drugs that might alter LV or RV 
function were excluded from the study. Also excluded 
were patients with hypoxemia, hypercarbia, evidence of 
moderate to severe obstructive or restrictive lung disease 
or those with impaired diffusion capacity on pulmonary 
function tests.!5-16 

Protocol evaluation: A medical history, physical ex- 
amination, resting electrocardiogram, chest x-ray, echo- 
cardiogram (M-mode and 2-dimensional) and radionu- 
clide ventriculogram (obtained at rest and during incre- 
mental supine bicycle ergometry) were performed on 
each patient before surgery. 
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TABLE I Individual and Mean Clinical, Hemodynamic and Echocardiographic Data in 22 Morbidly Obese Patients 





RV RV Ejection 
Internal Fraction (%) 


% Dimension 
Overweight 


RV internal dimension <2.0 cm 


1 122 1.7 31 50 
2 124 1.8 42 47 
3 100 1.7 32 59 
4 104 1.9 36 48 
5 100 1.8 45 75 
6 104 1.7 58 54 
7 104 1.9 44 62 
8 108 1.6 34 47 
9 133 1.8 58 80 
10 106 1.8 34 49 
11 120 1.5 57 68 
12 122 1.7 53 60 


Mean + 1 SD 112411 1.7 +40.1 43+10 58411 
RV internal dimension =2 cm 


1 142 2.4 24 24 
122 2.1 38 39 

3 119 23 57 38 
4 124 2.5 53 50 
5 239 rae 55 32 
6 113 2.0 29 42 
7 125 2.1 39 40 
8 195 2.1 33 32 
9 158 2.1 61 61 
10 160 2.3 40 42 


Mean + 1 SD 150 + 40 2.2+0.2 43+13 40410 
Mean+1SD 129 + 34 2.0 40.3 43411 50414 
for all 
patients 


LV Ejection Heart Rate 
Fraction (%) (beats/min) 
Rest Ex Rest Ex 
19 41 73 69 107 98 128 
5 70 76 76 116 96 112 
27 40 65 76 122 102 138 
12 57 67 70 126 95 125 
30 62 84 82 124 90 130 
—4 68 63 80 126 102 121 
18 62 75 70 115 93 124 
13 47 47 80 135 98 121 
22 51 58 81 135 93 123 
15 48 5i 80 130 90 125 
11 58 65 72 120 93 123 
7 51 61 82 118 92 126 
15+9 54410 65411 7645 12248 9544 124+6 
0 39 28 67 107 97 117 
1 62 73 76 125 100 123 
—19 61 59 79 120 97 125 
—2 57 52 76 124 103 129 
—23 72 66 80 119 96 126 
13 39 39 70 115 93 124 
1 45 55 70 126 102 138 
-1 49 54 74 118 102 123 
0 48 43 76 124 103 129 
2 32 33 62 131 101 127 


-3410 50412 50414 7346 121+/7 9943 12645 


7413 53411 58414 7545 12248 97+4 12546 


BP = blood pressure; EX = exercise; LV = left ventricular; RV = right ventricular; SD = standard deviation. 


Echocardiograms were performed using a Hewlett- 
Packard model 77020A ultrasonograph with a 2.25- 
MHz scanning head in the semirecumbent and left lat- 
eral positions in accordance with the American Soci- 
ety of Echocardiography recommendations.'’ Normal 
ranges for echocardiographic measurements were set in 
accordance with American Society of Echocardiogra- 
phy standards.'!’ The key echocardiographic measure- 
ment, the RV internal dimension, was obtained in the 
semirecumbent position (normal range 0.7 to 2.3 cm).!’ 

RV systolic function was measured using multigated 
equilibrium cardiac blood pool scintigraphy using a pre- 
viously described technique.'*-*! A single observer ana- 
lyzed the data and the intraobserver variability was 
<3% (ejection fraction units). Normal radionuclide RV 
ejection fraction is 235% and normal RV exercise re- 
sponse is an increase in RV ejection fraction by 25%. 
Both resting and exercise gated blood pool images were 
acquired at the time of each examination in all patients. 
Supine exercise studies were acquired in the same pro- 
jection as the resting studies. Using a bicycle ergometer, 
patients were exercised at 40-watt workload increments. 
After an initial warm-up period of 2 minutes, data were 


acquired for 2 minutes while the patients exercised at a 


constant speed. Subsequently, a 1-minute warm-up and 
a 2-minute data collection interval were used for each 
level of exercise until the symptom-limited endpoint was 
reached. LV ejection fraction was obtained in a similar 
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manner using standard techniques for data acquisition 
and analysis.2°?! RV and LV exercise responses were 
defined as the changes in RV and LV ejection fractions, 
respectively, during peak exercise. 

Blood pressure was measured using a mercury 
sphygmomanometer and arm cuff. Mean blood pressure 
was calculated by adding one-third of the pulse pressure 
to the diastolic blood pressure. 

Statistical analysis: Student paired and non-paired 1 
tests were used to compare mean data. Correlations 
were performed using the least square linear regression 
analysis to calculate Pearson correlation coefficients 
and determine p values. A p value <0.05 was consid- 
ered statistically significant. 


RESULTS 

Patient characteristics: The study population con- 
sisted of 22 patients; 17 women and 5 men with a mean 
age of 36 + 8 years. The mean body weight was 142 + 
32 kg. The mean amount over ideal body weight was 
129 + 26%. 

Study groups analyzed: In analyzing the data we 
chose to scrutinize the study population as a whole, the 
subgroup with a high-normal or enlarged RV interna! 
dimension (22.0 cm) and the subgroup whose RV in- 
ternal dimension was <2.0 cm. Although comparison ol 
subgroups with normal and enlarged RV internal di- 
mensions and normal and depressed resting RV ejectior 





fractions would have been desirable, there were too few 
patients with a frankly enlarged RV internal dimension 
or depressed resting RV ejection fraction for meaning- 
ful statistical analysis. 

Effect of exercise on right ventricular systolic func- 
tion—all patients: Individual and mean RV ejection 
fractions at rest and during peak exercise are listed in 
Table I. Resting RV ejection fraction was depressed in 
5 and RV exercise response was impaired in 11 of the 
22 patients studied. Eight of the 11 patients with an 
abnormal RV exercise response had a normal resting 
RV ejection fraction. Two of the 5 patients with a de- 
pressed resting RV ejection fraction had a normal RV 
exercise response. Eight of the 17 patients with a nor- 
mal resting RV ejection fraction had an abnormal RV 
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FIGURE 1. Correlation of right ventricular 
(RV) internal dimension and RV exercise 
response. There was a significant negative 
correlation between RV internal dimension 
and RV exercise response. 
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FIGURE 2. Correlation of percent over m 
ideal body weight and right ventricular 7 
(RV) exercise response. There was a o 
significant negative correlation OD 
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exercise response. There was a significant increase in 
mean RV ejection fraction for the group as a whole 
from 43 + 11% at rest to 50 + 14% during peak exer- 
cise (p <0.05). Exercise produced a significant increase 
in mean heart (p <0.00001, Table I) and a significant 
increase in mean blood pressure (p <0.01, Table I). The 
mean workload was 66 + 20 watts. 

Effect of exercise based on right ventricular inter- 
nal dimension: Table I lists the effect of exercise on 
mean RV ejection fraction, mean heart rate and mean 
blood pressure in the subgroup of patients with an RV 
internal dimension 22.0 cm and the subgroup with an 
RV internal dimension <2.0 cm. Individual RV ejection 
fractions for these subgroups are also listed in Table I. 
Of the 10 patients whose RV internal dimension was 


r = 0.60 
p < 0.005 
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22.0 cm, 3 had a depressed resting RV ejection fraction 
and 9 had abnormal RV exercise response. Three pa- 
tients had a frankly enlarged RV internal dimension. In 
the subgroup of patients whose RV internal dimension 
was <2.0 cm, mean RV ejection fraction increased sig- 
nificantly from 44 + 11% at rest to 58 + 11% at peak 
exercise (p <0.03), whereas in the subgroup whose RV 
internal dimension was 22.0 cm, mean RV ejection 
fraction did not significantly change (43 + 13% at rest 
and 40 + 11% during peak exercise). Moreover, the 
magnitude of change in mean RV ejection fraction with 
exercise shown for those with an RV internal dimension 
<2.0 cm (15 + 9) and those with an RV internal di- 
mension =2.0 (—3 + 10) was significantly different (p 
<0.005, Table I). The differences in the magnitude of 
increase in mean heart rate and mean blood pressure 
induced by exercise were not significant. Mean work- 
loads were 63 + 21 watts in the subgroup whose RV 
internal dimension was 22.0 cm and 67 + 20 watts in 
the subgroup whose RV internal dimension was <2.0 
cm. 

Key correlations: There was significant negative 
correlation between RV internal dimension and RV ex- 
ercise response (Figure 1, r = 0.60, p <0.005) and be- 
tween percent over ideal body weight and RV exercise 
response (Figure 2, r = 0.86, p <0.0001). There was 
weak, but significant positive correlation between RV 
internal dimension and percent over ideal body weight 
(r = 0.48, p <0.05). There was significant positive cor- 
relation between resting LV and RV ejection fraction (r 
= 0.56, p <0.01) and between LV and RV exercise re- 
sponse (r = 0.70, p <0.0005). There was no correlation 
between resting RV ejection fraction and RV internal 
dimension, RV exercise response or percent over ideal 
body weight. 


DISCUSSION 

Morbidly obese persons are exposed to a variety of 
cardiopulmonary stresses that may lead to RV dysfunc- 
tion and failure.!-4 For example, such individuals may 
develop severe hypoxia due to alveolar hypoventilation 
(and in many cases sleep apnea), leading to pulmonary 
arterial hypertension and clinical manifestations com- 
patible with RV dysfunction.!-* Obese persons have a 
higher prevalence of systemic hypertension and coro- 
nary artery disease than the general population. LV 
failure may occur in such individuals and may eventual- 
ly lead to pulmonary hypertension and RV failure. De- 
spite the potential for the aforementioned cardiovascu- 
lar complications, most morbidly obese individuals do 
not develop cor pulmonale, nor do most suffer from 
clinically apparent LV failure.*-!3,2?-24 

An accumulating body of evidence indicates that 
obesity may produce LV dysfunction in the absence of 
systemic hypertension or underlying organic heart dis- 
ease.>!3:22-25 In obese individuals circulating blood vol- 
ume and cardiac output increase in direct proportion to 
the excess accumulation of adipose tissue. This leads to 
LV dilatation.°*?!!:!2 Eccentric LV hypertrophy then 
develops due to increased systolic wall stress in accor- 


1364 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 64 


dance with the law of LaPlace.!!:!2° Such hypertrophy 
may reduce diastolic compliance leading to elevation of 
LV filling pressure.'!!2 If hypertrophy keeps pace 
with dilatation, resting systolic LV function is pre- 
served.®:!!.12,25 If hypertrophy fails to keep pace with di- 
latation, wall stress continues to be high and resting LV 
systolic dysfunction may ensue. Obese individuals with 
preserved resting LV systolic function may not be en- 
tirely normal. We recently reported that morbidly obese 
patients with increased LV mass commonly have an ab- 
normal LV exercise response even when resting LV sys- 
tolic function is normal.*° Whether the RV of nonhy- 
pertensive morbidly obese patients free from underlying 
cardiopulmonary disease is similarly affected by these 
hemodynamic stresses is uncertain. Accordingly, we 
sought to assess resting RV systolic function and deter- 
mine the effect of exercise on RV systolic function in 
such individuals. 

Resting RV systolic dysfunction occurred in 23% of 
patients in this study. Prior studies using similar patient 
populations have reported resting LV systolic dysfunc- 
tion in 32 to 56% of cases.?:!925 There was however, a 
significant positive correlation between resting RV and 
LV systolic function. This suggests that the hemody- 
namic stresses that affect resting LV systolic function in 
nonhypertensive morbidly obese individuals without un- 
derlying heart disease may affect RV systolic function 
in a similar fashion, but to a lesser extent. 

Our results indicate that measurement of RV ejec- 
tion fraction during exercise is superior to measurement 
of resting RV ejection fraction as a means of assessing 
RV function and reserve. Whereas only 23% of our pa- 
tients had resting RV systolic dysfunction, 50% had an 
abnormal RV exercise response. Moreover, 8 of the 11 
patients with an abnormal RV exercise response had a 
normal RV ejection fraction at rest. There was a signifi- 
cant positive correlation between RV and LV exercise 
response. This may suggest that hemodynamic factors 
affecting RV systolic function during exercise are simi- 
lar to those affecting LV systolic function during exer- 
cise; however, without data derived from direct mea- 
surement of ventricular filling pressure, pulmonary and 
systemic arterial pressures and cardiac output, this con- 
clusion remains speculative. 

The lack of correlation between resting RV ejection 
fraction and RV exercise response indicates that resting 
RV ejection fraction is a poor predictor of RV systolic 
functional reserve. This was underscored by the pres- 
ence of normal RV exercise response in 2 of the 5 pa- 
tients with resting RV systolic dysfunction and an ab- 
normal RV exercise response in 8 of the 17 patients 
with normal resting RV systolic function. Clearly, fac- 
tors other than the state of RV systolic function at rest 
influence the RV response to exercise in morbidly obese 
patients. Messerli et al!!! have demonstrated that sys- 
temic hypertension in obese patients produces impair- 
ment of LV function over and above that of obesity 
alone. Pulmonary hypertension may impose a similar 
additive impairment of RV function.!“+ However, our 
study population was selected to minimize the likelihood 
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of pulmonary hypertension being present; thus, it is un- 
likely that our observations are attributable to an eleva- 
tion in pulmonary vascular resistance. 

The results of our study indicate the presence of a 
relation between the RV internal dimension and RV ex- 
ercise response. Patients with a high-normal or frankly 
enlarged RV internal dimension (22.0 cm) experienced 
no significant change in RV ejection fraction with exer- 
cise, whereas patients whose RV internal dimension was 
<2.0 cm experienced a significant increase in RV ejec- 
tion fraction during exercise. Of the 10 patients whose 
RV internal dimension was >2.0 cm, 3 had resting RV 
systolic dysfunction and 9 had an abnormal RV exercise 
response. This suggests that RV dilatation (even within 
the normal range) may precede overt RV systolic dys- 
function. Thus, in nonhypertensive morbidly obese pa- 
tients without underlying cardiopulmonary disease, ex- 
ercise may elicit abnormalities of RV systolic function 
that may not be apparent at rest and the presence of a 
high-normal or frankly enlarged RV internal dimension 
identifies patients who are likely to have an abnormal 
RV exercise response. 
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Prospective Doppler Echocardiographic 
Evaluation of Pulmonary Artery Diastolic 
Pressure in the Medical Intensive Care Unit 


Richard T. Lee, MD, Christopher P. Lord, BS, Ted Plappert, CVT, 
and Martin St. John Sutton, MRCP 





To test the hypothesis that the noninvasive 
evaluation of pulmonary regurgitation can provide 
accurate estimates of pulmonary artery (PA) dia- 
stolic pressures and PA wedge pressures, Doppler 
echocardiographic studies were performed immedi- 
ately before bedside PA catheterization in 29 medi- 
cal intensive care unit patients. The characteristic 
color flow Doppler signal of pulmonary regurgita- 
tion was detected in 19 (66%) patients. In 17 of 
the 29 patients (59%), the gradient between the 
right ventricle and PA at end-diastole could be cal- 
culated from the pulsed-wave Doppler signal of pul- 
monary regurgitation using the simplified Bernoulli 
equation. Right atrial pressure was then estimated 
by examination of the jugular venous pulse or by 
electronic transduction of the pressure signal from 
a previously placed central venous catheter. A non- 
invasive estimate of PA diastolic pressure was 
made by adding the clinical estimate of right atrial 
pressure to the end-diastolic pressure gradient 
across the pulmonary valve. Pulmonary artery 
catheterization was then performed and stripchart 
recordings were interpreted by a physician who 
was unaware of the noninvasively-estimated PA 
diastolic pressure. The PA diastolic pressure esti- 
mated by Doppler echocardiography correlated 
closely with that found at catheterization (r = 0.94, 
mean absolute difference 3.3 mm Hg). The non- 
invasive estimate of PA diastolic pressure also cor- 
related with the PA wedge pressure (r = 0.87, 
mean absolute difference 3.8 mm Hg). Therefore, 
in 59% of medical intensive care unit patients, 
Doppler echocardiographic evaluation of pulmonary 
regurgitation allowed accurate noninvasive estima- 
tion of PA diastolic pressure. 

(Am J Cardiol 1989;64:1366-—1370) 
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(PA) frequently provides clinically useful hemo- 

dynamic information in critically ill patients.'~ 
Despite the accuracy and relative ease of PA catheter- 
ization, concern over its widespread use has developed 
because serious complications have been described.*+!° 
By using Doppler echocardiography, pressure gradients 
across cardiac valves may be accurately determined 
noninvasively using the simplified Bernoulli equation.’ 
Because pulmonary regurgitation is frequently found by 
Doppler echocardiography, noninvasive estimation of 
PA diastolic pressure is theoretically possible in many 
patients.'>-!7 In the absence of pulmonary hypertension, 
the PA diastolic pressure is usually close to the mean 
left atrial pressure.!’ Therefore, noninvasive estimation 
of PA diastolic pressure could theoretically correlate 
with PA wedge pressure and provide information useful 
in the management of critically ill patients. This pro- 
spective study was designed to test the hypothesis that 
Doppler echocardiographic evaluation of pulmonary re- 
gurgitation could provide accurate estimates of PA dia- 
stolic pressures in medical intensive care unit patients 
immediately before bedside PA catheterization. 


Bes catheterization of the pulmonary artery 


METHODS 

Protocol: The study population consisted of 37 pa- 
tients in the Brigham and Women’s Hospital medical 
intensive care unit or coronary care unit undergoing 
bedside diagnostic PA catheterization. Patients were ex- 
cluded from the study if the systolic blood pressure was 
<90 mm Hg or if the physicians caring for the patient 
felt that any delay in PA catheterization would be dan- 
gerous. This led to the exclusion of 5 patients from the 
study. An additional 3 patients who had Doppler echo- 
cardiograms performed immediately before planned PA 
catheterization were excluded from the study. In these 3 
patients, the 2-dimensional echocardiographic evalua- 
tion of left ventricular systolic function led the clinicians 
to cancel PA catheterization. In 2 of these patients, left 
ventricular systolic function was severely depressed, anc 
the clinicians concluded that the patients were volume- 
overloaded. In the other patient, left ventricular systolic 
function was hyperdynamic and the clinicians conclud: 
ed that the patient was hypovolemic. Therefore, a tota 
of 29 patients had Doppler studies immediately before 
PA catheterizations for this study. The mean age of the 
patients was 59 + 16 years. Before PA catheterization 
the clinical diagnoses of the patients were: adult respira: 
tory distress syndrome (6), left ventricular failure (6) 


systemic sepsis (6), valvular heart disease (3), pneumo- 
ne (2), restrictive cardiomyopathy (1) and unknown 
5). 

Two-dimensional echocardiograms were obtained in 
the left lateral decubitus or supine position with a Hew- 
lett Packard 77020 AC/AR phased array ultrasono- 
scope using a 2.5-MHz transducer. The right ventricu- 
lar outflow tract was visualized in the left parasternal 
short-axis view at the level of the aortic valve with a 
simultaneous electrocardiographic recording. The pres- 
ence or absence of pulmonary regurgitation was deter- 
mined using Doppler color flow imaging. Only holodia- 
stolic retrograde right ventricular outflow tract signals 
with the characteristic “red flame” shape were consid- 
ered diagnostic of pulmonary regurgitation.'© Because 
these signals can sometimes be caused by PA catheters 
crossing the pulmonary valve, all echocardiograms were 
performed immediately before pulmonary artery cathe- 
terization to avoid overestimating the prevalence of pul- 
monary regurgitation in these patients. 

If the presence of pulmonary regurgitation was con- 
firmed by color Doppler flow imaging, pulsed-wave 
Doppler sampling of the right ventricular outflow tract 
was performed. The sample volume was placed just 
proximal to the pulmonary valve and within the color 
flow Doppler signal. The angle correction cursor of the 
pulsed-wave sample was aligned as parallel as possible 
with the direction of the color jet so that later angle 
correction was not required. The velocity of the pulmo- 
nary regurgitation at the end of diastole was obtained as 
previously described!> by averaging the end-diastolic ve- 
locities of 3 to 10 beats (Figure 1). The gradient be- 
tween the PA and right ventricle at end-diastole was 
estimated using the simplified Bernoulli equation (pres- 
sure gradient in mm Hg = 4 V? where V is the velocity 
in m/s). 

The maximal velocity that can be measured by the 
pulsed-wave Doppler technique is determined by the 
Nyquist limit.!? In the left parasternal short-axis view, 
the jet of pulmonary regurgitation is usually approxi- 
mately 6 cm from the transducer. Using a transducer 
frequency of 2.5 MHz, the Nyquist limit is approxi- 
mately 2.0 m/s. Therefore, gradients >16 mm Hg may 
lead to aliasing of the Doppler spectral signal. Higher 
velocity flow can be measured if the incident angle of 
the ultrasound beam to the pulmonary regurgitant jet is 
significant or if the sample gate moved closer to the 
transducer; for example, at a distance of 4 cm from the 
transducer, the Nyquist limit is approximately 3 m/s, 
and gradients of 36 mm Hg could be measured. It was 
anticipated that continuous-wave Doppler, with proper 
correction for the incident angle, would be required 
when aliasing of pulsed-wave Doppler occurred. How- 
ever, in our study, the velocities of pulmonary regurgita- 
tion were sufficiently low that continuous-wave Doppler 
was not required. 

If a central venous catheter had been placed during 
a cardiac arrest or for central infusion of medications, 
the central venous pressure was obtained by electroni- 
cally transducing the catheter’s pressure signal. If an 
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introducer sheath was placed with the prior intent of 
performing PA catheterization, the pressure signal of 
this central venous access was not electronically trans- 
duced; in these patients, and in patients in whom no 
central venous access was available, central venous pres- 
sure (mm Hg) was calculated by dividing the clinical 
estimation of jugular venous pressure (cm water) by 
1.3. Before PA catheterization, a noninvasive estimation 
of PA diastolic pressure was calculated by adding the 
central venous pressure to the gradient at end-diastole 
across the pulmonary valve determined by Doppler 
echocardiography. The physicians who performed the 
PA catheterization and measured the pressures from 
stripchart recordings were not informed of the Doppler 
estimate of PA diastolic pressure, to avoid bias in their 
interpretations of the pressure tracings. 

PA catheterizations were performed using standard 
flow-directed fluid-filled PA catheters (Sorenson). The 
pressure recordings were obtained using Marquette 
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DOPPLER-DERIVED PULMONARY DIASTOLIC PRESSURE 


7010RA recording equipment. The policy in the 
Brigham and Women’s Hospital intensive care units is 
to measure end-expiratory pressures from paper record- 
ings rather than to record electronic digital readings. 
Statistical analysis: Data from the Doppler echocar- 
diography-derived PA diastolic pressure and PA cathe- 
terization were analyzed using linear regression. The 2- 
sample Student ¢ test was used to compare data from 
the patients with and without pulmonary regurgitation. 
Data are expressed as mean + | standard deviation. 


y=0.58x—0.1 
R=0.84 
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FIGURE 2. Catheter-determined right atrial pressure (RA) 
plotted against catheter-determined pulmonary artery 


diastolic pressure (PAD-cath). As expected, right atrial 
pressure consistently underestimated PAD. 
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FIGURE 3. Doppler-determined end-diastolic gradient across 
the pulmonary valve (PI Gradient) plotted against the catheter- 
determined gradient between the pulmonary artery and right 
atrium at end-diastole (PAD-RA). 
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RESULTS 

Right atrial pressure and pulmonary regurgitation: 
Of the 29 patients enrolled in the study, 19 (66%) had 
central venous catheters available for measuring right 
atrial pressure. Only 7 of the 19 (37%) central venous 
catheters had been used by the clinicians to determine 
central venous pressure before the decision to perform 
PA catheterization. 

Nineteen of the patients (66%) had color flow Dopp- 
ler signals consistent with pulmonary regurgitation. One 
of these patients was in atrial fibrillation; in this patient, 
a noninvasive estimate of PA diastolic pressure was not 
attempted. In another patient, a pulsed-wave Doppler 
spectral tracing could not be obtained. In the remaining 
17 patients (59%), a noninvasive estimation of PA dia- 
stolic pressure was recorded. Four patients did not have 
central venous catheters and right atrial pressure was 
estimated by inspection of the neck veins; in the remain- 
ing 13 patients, a central venous pressure was recorded 
by electronically transducing the pressure signal of 
the central venous catheter. The mean Doppler-derived 
PA diastolic pressure was 19 + 10 mm Hg (range 6 to 
44). 

Pulmonary artery catheterization: PA catheteriza- 
tion was successful in all 29 patients. The mean right 
atrial pressure was 11 + 7 mm Hg (range 3 to 25). The 
mean PA diastolic pressure was 21 + 12 mm Hg (range 
6 to 60) and the mean PA wedge pressure was 18 + 13 
mm Hg (range 3 to 57). 

Among patients with color flow Doppler evidence of 
pulmonary regurgitation, the mean right atrial pressure 
was 12 + 7 mm Hg (range 3 to 25) at PA catheteriza- 
tion. The mean PA diastolic pressure was 21 + 10 mm 
Hg (range 10 to 48). The mean PA wedge pressure was 
18 + 11 mm Hg (range 6 to 38). The right atrial, PA 
diastolic and PA wedge pressures were not significantly 
different between the patients with pulmonary regurgi- 
tation and the patients without pulmonary regurgita- 
tion. 

The end-diastolic gradient across the pulmonary 
valve at catheterization was calculated by subtracting 
right atrial pressure from PA diastolic pressure. Right 
atrial pressure was used instead of right ventricular end- 
diastolic pressure because some patients did not have 
right ventricular recordings. In addition, house officers 
frequently confused end-diastolic right ventricular pres- 
sure with minimum diastolic right ventricular pressure. 
Among patients without pulmonary regurgitation, the 
gradient between the PA and the right atrium at end- 
diastole was 13 + 12 mm Hg; among patients with pul- 
monary regurgitation, the gradient was 9 + 5 mm Hg. 
When compared by the 2-sample Student ż test, the 
pressure gradients from right atrium to PA at end-dias- 
tole of these 2 groups were not significantly different. 

Linear regression analyses: Although right atrial 
and PA diastolic pressures were related (r = 0.84), the 
right atrial pressure always underestimated PA diastolic 
pressure, as expected (Figure 2). 

The gradient across the pulmonary valve at end- 
diastole described by Doppler echocardiography corre- 


lated well with the difference of right atrial and PA 
diastolic pressures found at catheterization (r = 0.88, 
Figure 3). The mean absolute difference between these 
2 parameters was 2 + 2 mm Hg (range, 0 to 7 mm 
Hg). The noninvasive method tended to underestimate 
the difference between the right atrium and PA at end- 
diastole found at catheterization (slope = 0.81). 

There was an excellent correlation (r = 0.94) be- 
tween the noninvasively and invasively derived PA dia- 
stolic pressures (Figure 4). The mean absolute differ- 
ence between the noninvasive and invasive pressures was 
3.3 + 2.2 mm Hg (range 0 to 9). Among 7 patients 
with Doppler-derived PA diastolic pressures <15 mm 
Hg, none had PA diastolic pressures >15 mm Hg. 
Among 8 patients with Doppler-derived PA diastolic 
pressures >20 mm Hg, none had PA diastolic pressures 
<20 mm Hg. 

The Doppler-derived PA diastolic pressure did not 
correlate as well with the PA wedge pressure (r = 0.87, 
Figure 5). The mean absolute difference between the 
Doppler-derived pulmonary artery diastolic pressure 
and the PA wedge pressure was 3.8 + 3.7 mm Hg 
(range 0 to 12). However, all patients with Doppler- 
derived PA diastolic pressures <15 mm Hg (n = 7) 
also had PA wedge pressures <15 mm Hg. Similarly, 
among the 8 patients with Doppler-derived PA diastolic 
pressures 220 mm Hg, none had PA wedge pressures 
<20 mm Hg. 


DISCUSSION 

A number of echocardiographic and phonocardio- 
graphic algorithms have been proposed to assess left 
ventricular filling pressures noninvasively.2°22 Unfortu- 
nately, applications of these indirect measurements of 
left ventricular filling pressures have been limited. We 
demonstrate that when pulmonary regurgitation is pre- 
sent, an accurate estimation of PA diastolic pressure 
may be obtained in these critically ill patients. Although 
the correlation of the Doppler-derived PA diastolic pres- 
sure and PA wedge pressure was not as good, the data 
still indicate that the noninvasive estimate may be used 
to approximate PA wedge pressure. 

The noninvasive estimation of PA diastolic pressure 
is dependent on accurate estimation of right atrial pres- 
sure. In the severely ill population in the present study, 
66% of the patients had preexisting central venous cath- 
eters in place for the administration of inotropic agents 
or for venous access. Only 37% of the previously placed 
ventral venous catheters had been used by the clinicians 
for measurement of central venous pressure before PA 
catheterization. Because right-sided cardiac filling pres- 
sures are also important in evaluating the hemodynamic 
orofile of many patients, this suggests that important 
nformation available from these catheters may be ig- 
nored in many patients. 

Potential errors should be anticipated when using 
this method of estimation of PA diastolic pressure. This 
nethod should not be used in the presence of tricuspid 
stenosis, because right atrial pressure would be signifi- 
-antly higher than right ventricular end-diastolic pres- 


sure. When right atrial pressure is markedly elevated, 
the peak of the jugular venous pulsations may not be 
visible. The Doppler-derived PA diastolic pressure will 
underestimate the true PA diastolic pressure in these 
cases. In this study, the greatest difference (9 mm Hg) 
between the noninvasive and invasive determinations of 
PA diastolic pressure occurred in a patient with no cen- 
tral venous catheter who had jugular veins that were 
distended when the patient was sitting upright. 

This method neglects the angle of the pulmonary re- 
gurgitant jet relative to the imaging plane; if this angle 
were great, the transvalvular gradient would be under- 
estimated. In addition, the velocity of turbulent jets de- 
creases as the distance from the jet orifice increases.3 
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FIGURE 4. Doppler-determined pulmonary artery diastolic 
pressure (PAD-echo) plotted against catheter-determined PA 
diastolic pressure (PAD-cath). 
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FIGURE 5. Doppler-determined pulmonary artery diastolic 
pressure (PAD-echo) plotted against catheter-determined PA 
wedge pressure (PCWP-cath). 
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Because the pulsed-wave Doppler sample volume was 
placed proximal to the pulmonary valve within the color 
Doppler regurgitant signal, the velocity of the jet at this 
site may have been less than the velocity at the orifice. 
These factors may explain why the Doppler-derived 
end-diastolic gradient across the pulmonary valve tend- 
ed to underestimate the pressure difference between the 
right atrium and the PA at catheterization. However, 
our data indicate that this error is small. 

This noninvasive method of estimating PA diastolic 
pressure should not be considered a substitute for inva- 
sive bedside hemodynamic monitoring. Instead, this 
method should be useful in patients in whom fluid sta- 
tus questions could be answered by knowledge of the 
PA diastolic pressures. For example, even if a patient 
has known pulmonary hypertension, a Doppler-derived 
PA diastolic pressure of <15 mm Hg would suggest 
that oliguria is due to hypovolemia and that fluid chal- 
lenge is safe. This method should also be considered in 


patients in whom PA catheterization is associated with 


increased risk, such as patients with left bundle branch 
block. 
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TENORMIN I.V. followed by TENORMIN Tablets 





Increased survival in a 16,000-patient study. 


In the ISIS-1 tria-—“Randomised Trial of Intravenous Atenolol Among 16,027 Cases 
of Suspected Acute Myocardial Infarction’”— in patients randomized within 12 hours 
of symptom onset, the TENORMIN Regimen reduced MI mortality by 30% at day 
one and maintained a significant reduction throughout a year of follow-up. When 
patients were randomized within 2 hours of the onset of pain, first-week mortality 
was reduced by 53%. ! 


Significantly Reduced Mortality After MI* 





*Adapted from ISIS-1 study.' 





30% 
*Data derived. 
Control-group deaths 171/7,990 365/7,990 923/7,930 
TENORMIN-group deaths 121/8,037 313/8,037 825/7,968 


2P < .003' 2P < .04 2P < 201 


Good clinical judgment suggests that patients who are dependent on sympathetic stimulation for adequate cardiac output and BP are 
not good candidates for beta blockade. In addition to patients excluded from the ISIS-1 study, those with borderline BP (ie, systolic 
< 120, especially if over age 60) are less likely to benefit. 


Provides cardiovascular protection... 


A second major study—“Reduction of Infarct Size, Arrhythmias and Chest Pain by 
Early Intravenous Beta Blockade in Suspected Acute Myocardial Infarction ”— 
showed that the TENORMIN Regimen reduced enzyme elevation and sudden death 
while also reducing chest pain and frequency of ventricular premature beats.” 
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...with uncompromised safety. 


Compared to controls, patients on the TENORMIN Regimen had less need for 
antifailure, antiarrhythmic, and antianginal therapy.? In fact, TENORMIN reduced 
signs of heart failure and cardiogenic shock, and it reduced R-on-T ectopies by 
61% (2P < .0001).? 
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See last page for brief summary of prescribing information. 














I.V. INJECTION/TABLETS 


ENORMIN 


(atenolol) 


(For full prescribing information, see package insert.) 


INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of hypertension. It may be used alone or 
concomitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. ; 
Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with 
Acute Myocardial Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 
suspected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's clinical 
condition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no basis for 
treating patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart rate less than 
50 bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood 
pressure below 120 mm Hg) seemed less likely to benefit. 
CONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic shock, 
and overt cardiac failure. (See WARNINGS.) 
WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe failure. In 
hypertensive patients who have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered cau- 
tiously. Both digitalis and atenolol slow AV conduction. 
In patients with acute myocardial intarction, cardiac failure which is not promptly and effectively controlled by 80 mg of intravenous 
furosemide or equivalent therapy is a contraindication to beta-blocker treatment. 
In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a 
iod of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 
digitalized and/or be givgn a diuretic and the response observed closely. If cardiac failure continues despite adequate digitalization 


A right start 
for the long run. 


and diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 






Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being treated with TENORMIN, should be 
advised against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of myocardial infarction and 
ventricular arrhythmias have been reported in angina patients following the abrupt discontinuation of therapy with other beta 
blockers. The last two complications may occur with or without preceding exacerbation of the angina pectoris. To date, there has 
been no report of myocardial infarction or severe angina upon withdrawal of TENORMIN, probably due to its long plasma half-life. 
Because of the problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, the patients should 
be carefully observed and advised to limit physical activity to a minimum. If the angina worsens or acute coronary insufficiency de- 
velops, it is recommended that TENORMIN be promptly reinstituted, at least temporarily. (See DOSAGE AND ADMINISTRATION. 


Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA 
BLOCKERS. Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity 
is not absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 50 mg and a 








-stimulating 
agent (bronchodilator) should be made available. If dosage must be increased, dividing the dose should be in 
order to achieve lower peak blood levels. 

Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to withdraw TENORMIN before 


surgery. In this case 48 hours should be allowed to elapse between the last dose and anesthesia. If treatment is continued, care 
should be taken when using anesthetic which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 

Additionally, caution should be used when TENORMIN I.V. Injection is administered concomitantly with such agents. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be reversed 
by administration of such agents: eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). Manifestations of 
excessive vagal tone (eg, profound bradycardia, hypotension) may be corrected with atropine (1-2 mg IV). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta blockers, does not 
delay recovery of blood glucose to normal levels. 

: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients 
suspected of having thyroid disease should be monitored closely when administering TENORMIN 1.V. Injection. Abrupt withdrawal of 
beta blockade might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from whom TENORMIN 
therapy is to be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 

PRECAUTIONS: General: Patients already on a beta blocker must be evaluated carefully before TENORMIN is administered. Initial 
and subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and blood 


pressure. 

impaired Renal Function: The drug should be used with caution in patients with impaired renal function. (See DOSAGE AND 
ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 
agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of 
hypotension and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently, the beta blocker should 
be discontinued several days before the gradual withdrawal of clonidine. 

Caution should be exercised with TENORMIN I.V. Injection when given in close proximity with drugs that may also have a 

effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous vera- 
pamil has resulted in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, or recent 
myocardial infarction. 

Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do not 
suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 

Mutagenesis, of Fertility: Two long-term (maximum dosing duration of 18 or 24 months) rat studies 
and one long-term (maximum dosing duration of 18 months) mouse study, each employing oral dose levels as high as 300 mg/kg/day or 
150 times the maximum recommended human antihypertensive dose," did not indicate a carcinogenic potential in rodents. Results of 
various mutagenicity studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended human 
antihypertensive dose") was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all tested dose levels of atenolol (starting at 15 mg/ 
kg/day or 7.5 times the maximum recommended human antihypertensive dose") and increased incidence of atrial degeneration of 
hearts of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human antihypertensive 
dose,” respectively). 

Usage in Pregnancy: Pregnancy Category C: Atenolol has been shown to produce a dose-related increase in embryo/fetal 
resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human antihy- 
pertensive dose.” Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses above 
25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose.” There are no adequate and well-controlied 
Studies in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus. 

* Based on a 50 kg patient weight. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in plasma. 
Caution should be exercised when TENORMIN is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

REACTIONS: Most adverse effects have been mild and transient. Frequency estimates were derived from controlled 
Studies in hypertensive patients in which adverse reactions were either volunteered by the patient (US studies) or elicited, eg, by 
checklist (foreign studies), The reported frequency of elicited adverse effects was higher for both TENORMIN and placebo-treated 
patients than when these reactions were volunteered. Where frequency of adverse effects of TENORMIN and placebo is similar, causal 
relationship to TENORMIN is uncertain. 

The following adverse-reaction data present frequency estimates in terms of percentages: first from the US studies (volunteered 
side effects) and then from both US and foreign studies (volunteered and elicited side effects): 

US STUDIES (ATENOLOL, n=164; PLACEBO, n=206 ) (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: (3%-0%), cold extremities (0%-0.5%), postural hypotension (2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), light-headedness (1%-0%), tiredness 
(0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness (0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES (ATENOLOL, n=399; PLACEBO, n=407): 

CARDIOVASCULAR: ia (3%-0%), cold extremities (12%-5%), postural hypotension (4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), light-headedness (3%-0.7%), 
tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness (2%-0.5%), depression (12%-9%), dreaming (3%-1%) 


GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) J ( 

in a series of investigations in the treatment of acute myocardial infarction, bradycardia and occurred more commonly, 
as expected for any beta blocker, in atenolol-treated patients than in control patients. However, these usually responded to atropine anı 
or to withholding turther dosage of atenolol. The incidence of heart failure was not increased by atenolol. Inotropic agents were infre- 
quently used. The reported frequency of these and other events occurring during these investigations is given below. = 

In a study of 477 patients, the following adverse events were reported during either intravenous and/or oral atenolol administration: 

CONVENTIONAL THERAPY PLUS ATENOLOL (n=244): bradycardia, 43 (18%); hypotension, 60 (25%); bronchospasm, 3 (1.2% 
heart failure, 46 (19%); heart block, 11 (4.5%); BBB + major axis deviation, 16 (6.6%); supraventricular tachycardia, 28 (11.5%); atrial 
fibrillation, 12 (5%); atrial flutter, 4 (1.6%); ventricular tachycardia, 39 (16%); cardiac reinfarction, 0 (0%); total cardiac arrests, 4 (1.6%); 
nonfatal cardiac arrests, 4 (1.6%); deaths, 7 (2.9%); cardiogenic shock, 1 (0.4%); development of ventricular septal defect, 0 (0%); 
development of mitral regurgitation, 0 (0%); renal failure, 1 (0.4%); pulmonary emboli, 3 (1.2%) 

CONVENTIONAL THERAPY ALONE (n=233): bradycardia, 24 (10%); hypotension, 34 (15%); bronchospasm, 2 (0.9%); heart _ 
failure, 56 (24%); heart block, 10 (4.3%); BBB + major axis deviation, 28 (12%); supraventricular , 45 (19%); atrial fibrillation 
29 (11%); atrial flutter, 7 (3%); ventricular tachycardia, 52 (22%); cardiac reinfarction, 6 (2.6%); total cardiac arrests, 16 (6.9%); nonfata 
cardiac arrests, 12 (5.1%); deaths, 16 (6.9%); cardiogenic shock, 4 (1.7%); development of ventricular septal defect, 2 (0.9%); develop- 
ment of mitral regurgitation, 2 (0.9%); renal failure, 0 (0%); pulmonary emboli, 0 (0%) 

In the subsequent International Study of Infarct Survival (ISIS-1) including over 16,000 patients of whom 8,037 were randomized to 
receive TENORMIN(atenolol) treatment, the dosage of intravenous and subsequent oral TENORMIN was either discontinued or reduce 


IV ATENOLOL" REDUCED DOSE ( < 5 mg): hypotensi ia, 105 (1.3%); cardiogenic shock, 4 (.04%); reinfarction, 0 (0% 
cardiac arrest, 5 (.06%); heart block ( > first degree), 5 (.06%); cardiac failure, 1 (.01%); arrhythmias, 3 (.04%); bronchospasm, 1 (.01%) 

ORAL PARTIAL DOSE: hypotension/bradycardia, 1168 (14.5%); cardiogenic shock, 35 (.44%); reinfarction, 5 (.06%); cardiac arre! 
28 (.34%); heart block ( > first degree), 143 (1.7%); cardiac failure, 233 (2.9%); arrhythmias, 22 (.27%); bronchospasm, 50 (.62%) 

* Full dosage was 10 mg and some patients received less than 10 mg but more than 5 mg. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with other beta-adrenergic blocking 
agents, and may be considered potential adverse effects of TENORMIN. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Allergic: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

Central Nervous System: Reversible mental depression progressing to catatonia; visual disturbances; hallucinations; an acute 
reversible syndrome characterized by disorientation of time and place; short-term memory loss; emotional lability with slightly clouded 
sensorium; and, decreased performance on neuropsychometrics. 

Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Other: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

Miscellaneous: There have been reports of skin rashes and/or dry eyes associated with the use of beta-adrenergic blocking drugs 
The reported incidence is small, and in most cases, the symptoms have cleared when treatment was withdrawn. Discontinuance of the 
drug should be considered if any such reaction is not otherwise explicable. Patients should be closely monitored following cessation of 
therapy. (See DOSAGE AND ADMINISTRATION.) 

The oculomucocutaneous syndrome associated with the beta blocker practolo! has not been reported with TENORMIN during 
investigational use and foreign marketing experience. Furthermore, a number of patients who had previously demonstrated establisher 
practolol reactions were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 

OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on emergency treatment of 
overdosage is available. The most common effects expected with overdosage of a beta-adrenergic blocking agent are bradycardia, 
congestive heart failure, hypotension, bronchospasm, and hypoglycemia. 

In the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully observed. TENORMIN can be 
removed from the general circulation by hemodialysis. In addition to gastric lavage, the following therapeutic measures are suggested 
warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol or norepinephrine may be 
useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine, 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: : The initial dose of TENORMIN is 50 mg given as one tablet a day either alone or 
added to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. If an optimal response is not 
achieved, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a 
day is unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, 
prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achieved within 
one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may require a dosage of 
200 mg once a day for optimal effect. 

Twenty-four hour control with once daily dosing is achieved by giving doses larger than necessary to achieve an immediate maxim 
effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the effect at 24 hours is 
attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial intarction, treatment with TENORMIN I.V. 
Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established. Such 
treatment should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition has stabilized. 
Treatment should begin with the intravenous administration of 5 mg TENORMIN over 5 minutes followed by another 5 mg intravenous 
injection 10 minutes later. TENORMIN I.V. Injection should be administered under carefully controlled conditions including monitoring « 
blood pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V. injection in Dextrose Injection USP, Sodium Chloride 
Injection USP, or Sodium Chioride and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used 
immediately. 

In patients who tolerate the tull intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after the last 
intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or hypotension requiring treatment | 
any other untoward effects occur, TENORMIN should be discontinued. (See full prescribing information prior to initiating therapy with 
TENORMIN Tablets.) 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical estimate the 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may be given TENORMIN 
Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, data from 
other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting may be continued for o1 
to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Patients With Renal impairment: Since TENORMIN is excreted via the kidneys, dosage should be adjusted in cases of severe 
impairment of renal function. No significant accumulation of TENORMIN occurs until creatinine clearance falls below 35 mUmin/1.73 r 
(normal range is 100-150 mL/min/1.73 m®); therefore, the following maximum oral dosages are recommended for patients with renal 
impairment. 


Atenolol 
Creatinine Clearance Elimination Half-Life 
(mL/min/1.73 m?) (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under hospital supervision as marked falls 
blood pressure can occur. 

Cessation of Therapy in Patients With Angina Pectoris: lf withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually, and patients should be carefully observed and advised to limit physical activity to a minimum. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever 
solution and container permit. 

Rev H 8 

References: 1. ISIS-1 (First international Study of Infarct Survival) Collaborative Group: Randomised trial of intravenous atenolol 
among 16,027 cases of suspected acute myocardial infarction: ISIS-1. Lancet 1986;2:57-65. 2. Yusuf S, Sleight P, Rossi R, et al: 
Reduction in infarct size, arrhythmias and chest pain by early intravenous beta blockade in suspected acute myocardial infarction. 
Circulation 1983;67(supp! 1):32-45. 
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EDITORIAL 


Generic Substitution of Antiarrhythmic Drugs 





Paul E. Nolan, Jr., PharmD 


etary drugs is being advocated as generally safe! 

as well as cost effective.? The federal and many 
state governments share this opinion and this has led to 
legislation encouraging or requiring that prescriptions 
be filled with generic brands whenever possible.? This is 
largely responsible for the increase in generic prescrib- 
ing, especially within the past 2 decades.? A report in a 
previous issue of the Journal* should prompt a reexami- 
nation of the safety of generic substitution when a medi- 
cation is prescribed for a potentially life-threatening 
condition. The case reported unequivocally documents 
the recurrence of ventricular tachycardia after generic 
procainamide was substituted for the proprietary for- 
mulation. The recurrence of ventricular tachycardia was 
proven to be caused by the marked decrease in bio- 
equivalence of the generic product.4 

Chemical equivalence, bioequivalence and thera- 
peutic equivalence: Generic products must be shown to 
be equivalent to proprietary or reference products in 
several ways. The reference product is usually the prep- 
aration marketed by the company that holds the origi- 
nal drug patent. First, the generic product must be 
chemically or pharmaceutically equivalent. Chemical 
equivalency occurs when drug products contain identi- 
cal amounts of the same pharmacologically active ingre- 
dient. The drug products must also be similar formula- 
tions of the drug (i.e., either oral or parenteral prod- 
ucts). In addition, the chemical purity as well as the 
percent allowable variability in the amount of the phar- 
macologically active component per tablet (or capsule) 
and lot must meet USP/NF guidelines. The generic 
product may differ from the reference product in such 
areas as preservatives, shape, binders, flavor, color and 
excipients. 

Second, generic products must be bioequivalent.° 
Bioequivalent products must have similar bioavailability 
when administered in identical dosage regimens to the 
same individuals. Bioavailability or systemic availability 
refers to both the rate and extent of drug absorption.® 
Bioavailability can be described as either absolute or 
relative. Absolute bioavailability is most often deter- 
mined from a comparison of an oral formulation (usual- 
ly a tablet or capsule) to a reference intravenous formu- 
lation. Relative bioavailability is determined when a 
new oral formulation is compared to the reference oral 
formulation. It is the latter study that is typically per- 
formed for generic oral products. In addition, bioequiva- 


T= substitution of generic alternatives for propri- 
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lence studies must be performed for an innovative oral 
delivery system (i.e., a new sustained-release method of 
drug delivery) for an already approved drug product. In 
this instance the drug product using the novel delivery 
system must be compared to what is considered the ref- 
erence formulation for that drug product. 

It is usually assumed that drugs that are biologically 
and chemically equivalent are therapeutically equiva- 
lent (i.e., essentially identical in terms of efficacious and 
toxic clinical effects at similar levels of dosing).° For the 
most part this assumption is valid. It is unlikely that 
different excipients or preservatives contained within ge- 
neric oral formulations will exert either pharmacologic 
or toxicologic effects. It is also improbable that the tis- 
sue binding sites for the pharmacologically active drug 
can distinguish among the various commercial sources 
of the drug product. Perhaps another major reason why 
therapeutic equivalency is assumed following demon- 
stration of bioequivalency is the potential expense to 
validate the assumption formally. For example, valida- 
tion of therapeutic equivalency for generic antiarrhyth- 
mic drugs for treating the wide variety of clinically en- 
countered ventricular arrhythmias could involve a num- 
ber of reproducible pharmacodynamic endpoints. These 
endpoints could include reductions in the frequency of 
ventricular premature complexes and episodes of non- 
sustained ventricular tachycardia using 24-hour Holter 
monitoring’ with or without adjunctive exercise testing® 
or suppression of inducibility of the arrhythmia via pro- 
grammed electrophysiologic studies.? If any or all of 
these validation procedures were incorporated into ther- 
apeutic equivalency trials, they could result in prohibi- 
tive costs to the generic pharmaceutical company. 

Validation of bioequivalency: Bioequivalency testing 
of generic oral products is generally performed by using 
healthy subjects, who, in the fasting state, are given a 
single oral dose of both the generic and reference prod- 
ucts. A randomized, crossover design using an appropri- 
ate washout period between dosing is used.!° The sub- 
jects are generally men of normal height and weight 
between 18 and 35!° (or 40) years of age. The use of 
healthy subjects avoids exposing already ill patients to 
the general discomfort and inconveniences of multiple 
blood sampling used in bioequivalence studies. More 
importantly, the use of healthy subjects also assumes 
stability in physiologic status.!° Nonetheless, in the clin- 
ical situation it must be remembered that gastrointesti- 
nal disease,'! cardiac disease,!* other drugs,!° food!? 
and advanced age!* could alter the bioequivalence of 
drugs in individual patients. Infrequently, urinary excre- 
tion studies or in vitro dissolution studies have been used 
to verify bioequivalence.'!° Sustained-release products 
may undergo both single- and multiple-dose studies.!° 

After drug administration, serial blood samples are 
collected and then serum, plasma or blood is assayed for 
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the drug content. A serum (or plasma) concentration 
versus time curve is generated and the pharmacokinetic 
parameters typically compared are the area under the 
curve (AUC), the maximal concentration observed 
(Cmax) and the time at which Cmax’ is achieved 
(Tmax).!° Superimposition of these curves assures bio- 
equivalence. AUC is proportional to the extent of drug 
absorbed.!° Cmax is principally a function of both the 
rate and extent of absorption.!° It is also a function of 
the ratio of the rate of absorption to the rate of elimina- 
tion.!5 If this ratio is large, then more drug is being 
absorbed before it can be eliminated. Tmax is a func- 
tion of the rate of absorption and the ratio of this rate to 
the rate of elimination, but is independent of amount of 
drug absorbed.!®!5 

To demonstrate bioequivalence according to the cur- 
rent criteria of the Food and Drug Administration, the 
mean values of the pharmacokinetic parameters just de- 
scribed are compared for the generic and reference 
products. The null hypothesis is that there is no differ- 
ence between the 2 products in terms of AUC, Cmax 
and Tmax. It is now specified that the generic formula- 
tion should be between 80 and 120% as available as the 
reference product with 90% confidence in order to be 
bioequivalent.'® To ensure a high probability of detect- 
ing a difference of at least + 20% in the means of 2 
treatments, studies must have a power of 80%.!’ 

These guidelines may be appropriate for the compar- 
ison of an individual generic product to its reference for- 
mulation. However, they do not entirely address the po- 
tential problems that may ensue as a result of random 
substitution of 1 generic antiarrhythmic product for an- 
other. For example, if generic product Y is 115% as 
available as reference product X and if generic product 
Z is 85% as available as reference product X, then there 
exists a mean 30% difference in the bioavailability be- 
tween the 2 generic formulations. Assuming a dose-se- 
rum concentration-effect relation and a narrow thera- 
peutic index for this drug, this degree of variability 
could cause some patients to have arrhythmia recur- 
rence due to subtherapeutic serum concentrations and 
others to experience one or more adverse effects due to 
excessively high serum concentrations. 

Examples of bioequivalency investigations: Procain- 
amide and quinidine are 2 commonly prescribed antiar- 
rhythmic agents for which several generic formulations 
exist. For the immediate-release form of procainamide, 
it has been recently demonstrated that a generic prod- 
uct (Ascot Pharmaceuticals, Inc.) was bioequivalent 
throughout a steady-state sampling interval when com- 
pared to a proprietary, reference brand (Pronestyl, E.R. 
Squibb & Sons, Inc.) in outpatients taking procain- 
amide for either supraventricular or ventricular arrhyth- 
mias.'* However, although the difference between mean 
values for relative bioavailability was not significantly 
different, the higher degree of variability in AUC ob- 
served for the generic formulation makes one question 
whether there was sufficient sample size to have en- 
sured a sufficiently high probability to detect a differ- 
ence. In addition, 1 patient had undetectable trough se- 
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rum procainamide concentrations while taking the ge- 
neric brand, whereas he had low, but detectable trough 
concentrations while taking the reference product. 
There was no recurrence of this patient’s arrhythmia. 

Two proprietary brands of sustained-release procain- 
amide, Procan-SR (Parke-Davis) and Pronestyl-SR 
(E.R. Squibb & Sons) have also been compared.!?:2° 
Both investigations used steady-state dosing and pa- 
tients with arrhythmias. In the initial study no differ- 
ence was observed between the 2 products.!? However, 
in the second investigation there were nonsignificant 
trends in within-group variability for AUC, Cmax, 
Tmax and average steady-state concentration for Pron- 
estyl-SR compared to Procan-SR.”° There was also a 
trend toward a reduced mean ventricular premature 
complex suppression for Pronestyl-SR. In addition, 1 
patient experienced frequent episodes of nonsustained 
ventricular tachycardia when switched to Pronestyl-SR. 
A power of only 60% may have precluded the investiga- 
tors’ ability to detect a significant difference in bioavail- 
ability of 20% if one existed. 

Many investigations have also examined the relative 
bioavailabilities of a number of quinidine prepara- 
tions.2!-24 Bioequivalence?!?2? and even therapeutic 
equivalence*> have been demonstrated for several of 
these products. However, lack of bioequivalence has 
also been demonstrated, especially for sustained-release 
preparations.*?-*4 In fact, a serious bioequivalence prob- 
lem was identified in a study examining 2 sustained- 
release quinidine preparations and resulted in a recall of 
the generic product.”6 

Summary and recommendations: In general, gener- 
ic antiarrhythmic drugs are bioequivalent to the propri- 
etary ones,!8:!9.21,22 However, there is sufficient infor- 
mation regarding variability between and among these 
products, especially with sustained-release prepara- 
tions?0?2-24 to warrant some concern when 1 antiar- 
rhythmic drug is substituted for the same chemical 
agent. This is particularly true when treating patients 
with recurrent sustained ventricular arrhythmias. 

Therefore, the following recommendations would ap- 
pear prudent at this time. Antiarrhythmic therapy may 
be initiated with either a proprietary or generic drug. 
Once an antiarrhythmic drug has been found to be ef- 
fective, the brand should not be changed. If, however, 
products are changed, then serum drug concentrations 
should be measured to verify bioequivalence. Also, it is 
advisable to monitor serum drug concentrations if there 
is a change from a rapid-release to a sustained-release 
preparation even if the 2 products are made by the same 
manufacturer. Pharmacy and Therapeutics Committees 
should purchase the same antiarrhythmic product on a 
continual basis rather than switching from 1 product to 
another on a yearly basis to save costs. As an additional 
cost consideration, it is likely that the case reported by 
Grubb‘ is not an isolated occurrence. Therefore, it is 
important to recognize that the cost of readmission to 
an arrhythmia unit as a consequence of bioinequiva- 
lence would outweigh the potential yearly cost savings 
resulting from the substitution of 1 preparation for an- 


' 








other for an individual patient. Pharmacy and Thera- 
peutics Committees should also carefully review existing 
bioequivalence data before deciding upon which antiar- 
rhythmic drug products to purchase. This requires the 
availability of the various manufacturers’ bioequiva- 
lence data. However, the acquisition of such data is 
sometimes a formidable task. Lastly, patients should be 
instructed as to the potential hazards of a change in 
brands. 


REFERENCES 

1. Faich GA, Morrison J, Dutra EV, Hare DB, Rheinstein PH. Reassurance 
about generic drugs. N Engl J Med 1987;316:1473-1475. 

2. Editorial. Prescribe cheaper drugs. Lancet 1989;1:797. 

3. Strom BL. Generic drug substitution revisited. N Engl J Med 1987;316:1456- 
1462. 

4. Grubb BP. Recurrence of ventricular tachycardia following conversion from 
proprietary to generic procainamide. Am J Cardiol 1989;63:1532-1533. 

5. Approved Drug Products with Therapeutic Equivalence Evaluations. Eighth 
edition. Rockville, Maryland: US Department of Health and Human Services, 
Public Health Service, Food and Drug Administration, Center for Drug Evalua- 
tion and Research, 1988. 

6. Gibaldi M, Perrier D. Pharmacokinetics. New York: Marcel Dekker, 
1982:145-198. 

7. Morganroth J. Evaluation of antiarrhythmic therapy using Holter monitoring. 
Am J Cardiol 1988,62:18H-23H. 

8. Podrid PJ, Venditti FJ, Levine PA, Klein MD. The role of exercise testing in 
evaluation of arrhythmias. Am J Cardiol 1988;62:24H-33H. 

9. Kuchar DL, Garan H, Ruskin JN. Electrophysiologic evaluation of antiar- 
rhythmic therapy for ventricular tachyarrhythmias. Am J Cardiol 1988;62:39H- 
45H. 

10. Meyer MC. The Therapeutic Equivalence of Drug Products—A Second 
Look. Memphis: University of Tennessee for Health Sciences, 1985. 

11. Welling PG. Effects of gastrointestinal disease on drug absorption. In: Benet 
LZ, Massoud N, Gambertoglio JG, eds. Pharmacokinetic Basis for Drug Treat- 


ment. New York: Raven Press, 1984:29-47. 

12. Benowitz N. Effect of cardiac disease on pharmacokinetics: pathophysiologic 
considerations. In: Benet LZ, Massoud N, Gambertoglio JG, eds. Pharmacokinet- 
ic Basis for Drug Treatment. New York: Raven Press, 1984:89-103. 

13. Toothaker RD, Welling PG. The effect of food on drug bioavailability. Annu 
Rev Pharmacol Toxicol 1980;20:173-199. 

14. Mayersohn M. Special pharmacokinetic considerations in the elderly. In: 
Evans WE, Schentag JJ, Jusko WJ, eds. Applied Pharmacokinetics: Principles of 
Therapeutic Drug Monitoring. Spokane: Applied Therapeutics, 1986:229-293. 
15. Rowland M, Tozer TN. Clinical Pharmacokinetics. Concepts and Applica- 
tions. Second edition. Philadelphia: Lea and Febiger, 1989:33-48. 

16. FDA Bioequivalence Task Force Report. Rockville, Maryland, 1988. 

17. Dighe SV. Current bioavailability and bioequivalence requirements and regu- 
lations. Clin Res Pract Drug Reg Affairs 1984;2:401-421. 

18. Kasmer RJ, Nara AR, Green JA, Chawla AK, Fleming GM. Comparable 
steady-state bioavailability between two preparations of conventional-release pro- 
cainamide hydrochloride. Drug Intell Clin Pharm 1987;21:183-186. 

19. Baker BA, Reynolds JR, Gleckel L, A’Zary E, Bodenheimer MM. Compara- 
tive bioavailability of two oral sustained-release procainamide products. Clin 
Pharm 1988,7:135-138. 

20. Hilleman DE, Patterson AJ, Mohiuddin SM, Ortmeier BG, Destache CJ. 
Comparative bioequivalence and efficacy of two sustained-release procainamide 
formulations in patients with cardiac arrhythmias. Drug Intell Clin Pharm 
1988;22:554-558. 

21. Strum JD, Colaizzi JL, Jaffe JM, Martineau PC, Poust RI. Comparative 
bioavailability of four commercial quinidine sulfate tablets. J Pharm Sci 
1977 ;66:539-542. 

22. McGilveray IJ, Midha KK, Rowe M, Beaudouin N, Charette C. Bioavail- 
ability of 11 quinidine formulations and pharmacokinetic variation in humans. J 
Pharm Sci 1981 ;524-529. 

23. Zinny MA, Taggart WV. Bioavailability of two manufacturers’ sustained- 
release quinidine gluconate tablets at steady-state. Clin Ther 1984;7:23-27. 
24. Mahon WA, Leeder JS, Brill-Edwards MM, Correia J, MacLeod SM. 
Comparative bioavailability study of three sustained release quinidine formula- 
tions. Clin Pharmacokinet 1987;13:118-124. 

25. Morganroth J, Hunter H. Comparative efficacy and safety of short-acting 
and sustained release quinidine in the treatment of patients with ventricular 
arrhythmias. Am Heart J 1985;110:1176-1181. 

26. Meyer MC, Straughn AB, Lieberman P, Jacob J. Serious bioavailability 
problems with a generic prolonged-release quinidine gluconate product. J Clin 
Pharmacol 1982;22:131-134. 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 1, 1989 1373 


ra 


ii : of at are a 7 . R à k s 
, 7 EDS Pn ae eS See ay Neca eer ec bn, Co ui co 
Po NMEA, ony Rare RS SNS Ee a a ams ST eae ce 


< i >. . 
a of E SAT ES miae TM x A 7 y " =- UnA iA to NAA < nE ons" ae 
PRCA Be ONA INNE EEE E E PR no Be ere en? ee © eR E EAA 











Frequency of Symptoms Suggestive of Dynamic Coronary Artery 
Disease in Patients Referred for Coronary Angiography 


Richard W. Nesto, MD, Stuart W. Zarich, MD, Glen J. Kowalchuk, MD, 
Aaron E. Kenigsberg, MD, Scott W. Shurmur, MD, and Lawrence S. McAuliffe, MD 


T he diagnosis of angina pectoris is based on Heber- 
den’s original description, which defines angina as 
chest pain elicited by exertion and relieved by rest.! If this 
definition is used strictly, the diagnosis of angina cannot 
be assigned to patients having chest pain primarily at rest 
or not reliably reproduced by exertion. This simplistic 
view of “classic” exertional angina was based on the 
belief that myocardial ischemia could only be caused by 
excessive myocardial oxygen demand in the presence of a 
hemodynamically significant fixed coronary artery steno- 
sis. Recent data? have shown that angina pectoris can 
result from dynamic processes involving coronary vaso- 
constriction or transient thrombosis, which may reduce 
myocardial blood flow and result in ischemia at submaxi- 
mal levels of cardiac oxygen demand. The term “mixed” 
angina was proposed for patients who experienced isch- 
emia at variable levels of exertion.’ Although it has been 
suggested that mixed angina represents the most com- 
mon form of angina, no substantiated estimates of its 
prevalence have been described. We administered a com- 
prehensive questionnaire designed to characterize angina 
pectoris and, specifically, to quantify the frequency of 
symptoms suggestive of a vasoactive component (variable 
threshold angina) in a group of angina patients referred 
for elective coronary angiography. 

From January 1986 through July 1987, we surveyed 
110 consecutive patients with an admitting diagnosis of 
“stable” angina pectoris who were referred to the New 
England Deaconess Hospital for elective coronary angi- 
ography. Patients with a myocardial infarction within 3 
months, unstable or preinfarction angina or new-onset 
angina (<3 months) were excluded from the study. The 
majority of patients were referred to confirm a diagnosis 
of coronary artery disease based on a history of chest 
pain, to evaluate an exercise test suggestive of ischemia 
or to determine the extent of coronary artery disease in 
patients with persistent angina despite medical therapy 
with long-acting nitrates, B blockers or calcium antago- 
nists, either singly or in combination. 

Informed consent was obtained from all patients. A 
questionnaire was administered by 1 of us before coro- 
nary angiography. The battery of questions was divided 
into 2 parts. The first part was designed to elicit detailed 
clinical information regarding the presence of diabetes 
mellitus, hypertension (systolic blood pressure >140, 
diastolic blood pressure >90 mm Hg, or both), cigarette 
smoking, hyperlipidemia (serum cholesterol >240 mg/ 
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dl), family history of coronary artery disease, prior myo- 
cardial infarction, prior percutaneous coronary angio- 
plasty or coronary bypass surgery, Raynaud's phenome- 
non, migraine, cerebrovascular disease (transient isch- 
emic attack or stroke), claudication and gout. The 
duration of anginal symptoms was determined as well as 
the type of antiischemic medications. The admission 
electrocardiograms of all patients were reviewed. The 
results of exercise tolerance tests if performed within 30 
days of admission were also reviewed. A second set of 
questions pertained to the nature of the anginal com- 
plaints and was designed to determine if anginal epi- 
sodes occurred at varying levels of daily activity (Table 
I). Coronary arteriography was performed using the 
Sones or Judkins technique in multiple standard projec- 
tions. A significant coronary artery obstruction was con- 
sidered to be present if a >70% diameter reduction was 
present in a major epicardial segment of the right, left 
anterior descending or left circumflex artery or if an 
obstruction of =50% was present in the left main coro- 
nary artery. When multiple lesions were present in the 
same artery, the lesion of the greatest severity was con- 
sidered the stenosis of that vessel. 

The patient population comprised 109 white patients 
and I black patient (82 men [75%], 29 women [25%)]). 
Diabetes mellitus was noted in 19 patients (26%), and 
systemic hypertension was reported in 60 patients (55%). 
There were 52 smokers (47%) and 17 exsmokers (16%). 
A family history of myocardial infarction or sudden 
death was noted in 69 patients (63%). Forty-six patients 
(42%) had a history of hypercholesterolemia. The mean 
duration of angina pectoris was 4.2 + 4.9 years. Fifty 
patients (45%) had a prior history of myocardial infarc- 
tion. Prior percutaneous transluminal angioplasty had 
been performed in7 patients (6%), while coronary artery 
bypass grafting had been performed in 14 patients 
(13%). Raynaud’s phenomenon was noted in 5 patients 
(5%), and a history of migraine was elicited from 13 
patients (12%). Associated symptomatic cerebrovascu- 
lar disease was noted in 8 patients (7%), and a history of 
claudication was noted in 14 patients (13%). Nine pa- 
tients (8%) had a history of gout. Twenty-nine patients 
(26%) had a normal resting electrocardiogram. Thirty- 
nine patients (36%) had Q waves diagnostic of prior 
myocardial infarction. Exercise treadmill tests had been 
performed before angiography in 67 patients (61%) and 
were considered diagnostic for ischemia in 54 patients 
and nondiagnostic in 13 patients. All patients were re- 
ceiving oral antianginal medications consisting of long- 
acting nitrates, B blockers, calcium antagonists or a 
combination of these agents. Seventy patients (64%) re- 
ceived long-acting nitrates, 71 patients (65%) received B 
blockers and 71 patients (65%) received calcium antago- 





nists. Sublingual nitroglycerin tablets were used by 92 
patients (84%) for acute episodes (average weekly con- 
sumption 6.2 tablets). 

The tabulated angina survey results are listed in Ta- 
ble I. Angina was reported to occur at rest (question 1) in 
64 patients (58%) and at varying levels of exertion 
(question 2) in 75 patients (68%). There was no clear 
clustering of symptoms in either the morning or evening 
hours (question 8). Angina was also quite commonly 
precipitated by stress (56 patients, 51%), meals (36 pa- 
tients, 33%) or cold (33 patients, 30%). Twenty-eight 
percent of patients had been awakened from sleep by 
angina. Approximately one-half of patients felt that ex- 
posure to cold caused their angina to be precipitated at 
lesser levels of exertion. Forty-six percent of patients 
indicated they had a level of exertion that reliably 
caused angina. Most patients answered positively to at 
least 3 questions regarding clues for mixed angina (a 
response of “yes” for questions 1 through 8 and a re- 
sponse of “no” for question 9 were considered positive 
answers). Only 7 patients did not respond positively to 
any of these questions. 

There was an equal distribution among stenoses 
within the left anterior, left circumflex and right coro- 
nary arteries. The left main coronary artery was involved 
in 4 patients; 2 of these patients had 2-vessel disease and 
2 had 3-vessel disease. Single-vessel disease was noted in 
25 patients, 2-vessel disease in 36 patients and 3-vessel 
disease in 31 patients. Fourteen patients either had nor- 
mal coronaries or lesions <70% in severity. 

In trying to make a diagnosis of angina pectoris, one 
usually begins and ends with questions related to the 
presence of chest pain with exertion. Additional questions 
concerning angina during activities of daily living may 
not follow. However, by using a detailed questionnaire to 
characterize more comprehensively the onset and nature 
of symptomatic myocardial ischemia, a history of vari- 
able or “mixed” angina was elicited from the overwhelm- 
ing majority of these patients who had been referred for 
coronary angiography. Indeed, 80 of 110 patients an- 
swered positively to at least 3 questions that provided 
clues for the diagnosis of mixed angina. 

To explain the mechanisms underlying mixed angina, 
Maseri? has postulated that coronary flow reserve may be 
both reduced and variable in coronary artery disease due 
to the dynamic behavior of coronary stenoses. Patients in 
the study reported herein were asked specific questions 
designed to reveal or uncover clues indicative of coronary 
vasoreactivity. Mental stress has been shown to cause 
regional disturbances in myocardial perfusion and isch- 
emic-related left ventricular dysfunction in some patients 
with coronary artery disease.* Nocturnal and rest angina 
also results from relative decreases in coronary perfusion 
and modest increases in oxygen demand.’ An exacerba- 
tion of angina in cold weather may indicate inappropriate 
adrenergically mediated coronary vasoconstriction.® 
Postprandial increases in plasma norepinephrine result- 
ing in increased heart rate, cardiac output and contractili- 
ty might also result in coronary vasoconstriction trigger- 
ing angina immediately after a meal. Patients who report 


TABLE I New England Deaconess Hospital Angina Survey 


Response 


Question 


. Do you ever have angina when 
you are at rest? 

. Does your angina sometimes occur 
at varying levels of exertion? 

. Do you ever have angina when you 
are under emotional stress? 

. Do you ever have angina that 
awakens you from sleep? 

. Do you ever have angina with 
exposure to cold air in the 
absence of physical activity? 

. Do you ever have angina with 
exposure to cold air at a level of 
exertion that could be performed 
free of pain at a warmer temperature? 

. Do you ever have angina 
immediately after a meal? 

. Does the time of day influence 
the development of angina for 
any particular activity? 

. ls your angina predictable; in 
other words, do episodes of 
angina pain or discomfort occur 
at the same level of exertion? 





variability in the level of exertion at which angina or 
ischemia develops may be experiencing catecholamine- 
induced vasoconstriction at the site of a coronary lesion.’ 
The marked variability in ischemic threshold detected in 
this angina study parallels the findings from numerous 
studies using ambulatory ST-segment monitoring that 
show most ischemic episodes tend to occur at rest or 
during a low level of exertion.” 

Features of mixed angina were notably common in 
this group of patients with stable angina who were re- 
ferred for coronary angiography. An overwhelming ma- 
jority of the patients in this study admitted to symptoms 
more commonly associated with unstable or preinfarction 
angina. There are several explanations for this observa- 
tion. First, although entry criteria excluded patients with 
unstable angina as much as possible, it is likely that a 
referring physician might have identified some aspect of a 
patient’s clinical course (such as a change in symptoms or 
performance on stress testing) that provided an indication 
for coronary angiography but did not merit a diagnosis of 
“unstable angina.” Second, we extracted selective fea- 
tures of angina that might not have been offered by the 
patient or pursued by another physician-interviewer in 
the absence of a questionnaire. Also, the patients in this 
study all derive from a tertiary hospital and may have had 
presenting symptoms different from that observed in oth- 
er clinical settings. Indeed, commonly used measures of 
angina, such as the New York Heart Association and the 
Canadian Cardiovascular class grading schemes, do not 
address the variability of angina; rather, their questions 
allow for a description of only the minimal level of activi- 
ty at which angina occurs. 
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The aforementioned assumes that mixed angina is 
largely due to variable degrees of vasoconstriction at the 
site of a coronary lesion. Waters et al,’ however, have 
shown that time to angina, ST-segment depression and 
maximal exercise may be variable but that angina usually 
occurs at a reproducible heart rate-blood pressure prod- 
uct at these endpoints on exercise treadmill testing. It is 
also possible that spontaneous reductions in coronary cal- 
iber could be due to stenosis-related transitory thrombus 
formation and dissolution with vasoconstriction playing a 
minor or nonexistent role. It should also be noted that 14 
patients either lacked coronary artery disease or demon- 
strated lesions <70% in severity. This incidence of angio- 
graphically insignificant coronary artery disease is not 
dissimilar from other studies evaluating angina pectoris 
in which 10 to 30% of patients have angiographically 
normal coronaries.? Such patients might have either a 
noncardiac etiology of chest pain or an abnormal coro- 
nary vasodilator reserve at the level of the small intra- 
myocardial arterioles, possibly due to vasoconstriction of 
the coronary microcirculation.!° 

This study shows that symptoms of mixed angina are 
common in the majority of these stable angina patients 
referred for coronary angiography. Angina pectoris, 
therefore, is a multifactorial syndrome in which a vasoac- 
tive component may play an important role in the devel- 


opment of symptoms of atherosclerotic coronary artery 
disease, which may indicate the need for further diagnos- 
tic intervention. 
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Influence of Cardiac Pacing Mode on the Long-Term Development 


of Atrial Fibrillation 
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T he maintenance of sinus rhythm and atrioventric- 
ular (AV) synchrony is important to ensure optimal 
cardiac performance, reduce the potential for systemic 
thromboembolism and minimize cardiovascular morbid- 
ity and mortality.! Several studies have shown that the 
use of dual-chamber pacemakers that maintain AV syn- 
chrony has resulted in definite hemodynamic and clinical 
benefits for selected patients, when compared to single- 
chamber pacemakers.’ The maintenance of AV syn- 
chrony may also have an impact on the future develop- 
ment of atrial fibrillation (AF) in patients with cardiac 
pacemakers.? This study determined the effect of cardiac 
pacing mode (DDD/DDI vs VVI) on the long-term 
development of AF in patients who were in sinus rhythm 
at the time they received cardiac pacemakers. In addi- 
tion, we attempted to identify clinical variables that were 
potentially contributory to the development of AF in 
these patients. 
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The study population consisted of patients from 2 
institutions in Long Beach, California, who were in sinus 
rhythm at the time they received permanent cardiac 
pacemakers. Initial data collection from January 1977 
to June 1987 at Long Beach Veterans Administration 
Medical Center produced a total of 165 eligible patients 
who received single-chamber pacemakers (VVI mode). 
Fifty-five patients were excluded because of missing or 
inadequate records, resulting in a study group of 110 
patients in the VVI population. A chart review of consec- 
utive patients who received dual-chamber (DDD/DDI 
mode) pacemakers at Long Beach Memorial Medical 
Center from July 1981 to June 1987 was performed, and 
the total at this institution was then matched to the 
Veterans Administration population. Sixty-seven pa- 
tients were excluded from the DDD/DDI group of 180 
patients because of inadequate documentation or follow- 
up. Three more patients were excluded from the DDD/ 
DDI group, 2 because of the need for cardioversion of AF 
commencing while a prior VVI pacemaker was in situ, 
and I because of heart transplantation. All patients had 
24-hour Holter monitoring within the 6 months before 
pacemaker implantation. Therefore, 110 consecutive pa- 
tients who received ventricular pacemakers (VVI mode) 
at a Veterans Administration Medical Center were com- 


TABLE I Patient Characteristics 





DDD/DDI 


Pts (n) 
Sex: M/F 
Age (mean) (yrs) 
Range 
Follow-up (mean) (mos) 
Range 
Coronary artery disease 
Congestive heart failure 
Chronic obstructive pulmonary disease 
Hypertension 
Paroxysmal supraventricular tachyarrhythmias 
Valvular heart disease 
Cardiomegaly on chest radiograph 
Sinus node disease 
Atrioventricular block 
Digoxin 
Antiarrhythmics* 


* disopyramide, procainamide, quinidine. 
NS = not significant. 


pared to 110 consecutive patients who received AV pace- 
makers (DDD/DDI mode) at a large community hospi- 
tal. 

Data on past medical history, indication for pace- 
maker placement and subsequent clinical course were 
collected and analyzed. Study endpoints were death, the 
occurrence of AF, the most recent electrocardiogram 
demonstrating either sinus rhythm or preservation of 
coordinated atrial activity such as ventricular pacing 
with either retrograde atrial conduction or AV dissocia- 
tion (in VVI patients), or the presence of sinus rhythm, 
atrial capture or atrial synchronous ventricular pacing 
(in DDD patients). The occurrence of interval cardiover- 
sion was not systematically addressed in either group. 

Indications for permanent pacemaker placement 
were defined as sinus node disease and high degree AV 
block. Sinus node disease included symptomatic unex- 
plained sinus bradycardia or other escape rhythms, sinus 
arrest, sinoatrial block or the bradycardia-tachycardia 
syndrome. High degree AV block was defined as Mobitz 
type II second- or third-degree AV block. 

Records were examined for the presence of selected 
clinical variables considered to be relevant to the devel- 
opment of AF. Coronary artery disease was defined by a 
history of myocardial infarction, coronary artery bypass 
surgery, coronary artery disease demonstrated at coro- 
nary angiography with diameter stenosis >70% in at 
least 1 coronary artery or classic angina pectoris in asso- 
ciation with an abnormal exercise test result. Congestive 
heart failure was defined by a history of symptoms or 
signs in accordance with the proposed criteria for heart 
failure used by McKee et al’? in the Framingham study. 
Chronic obstructive pulmonary disease was defined by a 
diagnosis of chronic bronchitis, emphysema or asthma 
and either obstructive airways disease by pulmonary 
function testing or long-term use of 8 agonist or theoph- 
ylline preparations. Systemic hypertension was defined 
by history and use of long-term antihypertensive thera- 





py. Valvular heart disease consisted of moderate to se- 
vere mitral or aortic valvular stenosis or regurgitation. 
Paroxysmal supraventricular tachyarrhythmias were 
defined as paroxysmal AF, flutter or other supraventric- 
ular tachyarrhythmias that were =5 consecutive beats 
on 24-hour Holter monitoring. Cardiomegaly was de- 
fined as the presence of an enlarged cardiac silhouette 
(cardiothoracic ratio >50%) noted in the report of the 
preoperative chest radiograph. 

Statistical methods included chi-square analysis 
with Yates’ correction or Fisher’s exact test where appro- 
priate, and Student's t test. The null hypothesis was 
rejected at a 95% confidence level (= 0.05). 

Characteristics of the study population are listed in 
Table I. The DDD/DDI group had more women (19 vs 
4%, p <0.01) and was older (71 + 12 vs 66 + 12 years, p 
<0.01) than the VVI group. Hypertension was more 
common in the VVI group than the DDD/DDI group (45 
vs 29%, p <0.02). The groups were otherwise well 
matched with respect to follow-up, coronary artery dis- 
ease, congestive heart failure, chronic obstructive pul- 
monary disease, paroxysmal supraventricular tachyar- 
rhythmias, valvular heart disease, cardiomegaly, indica- 
tions for pacing, digoxin use and antiarrhythmic drug 
use. 

AF developed significantly more frequently in the 
VVI group than in the DDD/DDI group (18 vs 8%, p 
<0.05). In those patients who developed AF, the mean 
time of occurrence subsequent to pacemaker placement 
was 38 + 33 months in the VVI group and 40 + 14 
months in the DDD/DDI group (difference not signifi- 
cant). A total of 25 patients died during the follow-up 
period. In the DDD/DDI group, death was significantly 
more common among those patients who developed AF 
(33 vs 5%, p <0.02). No such relation was found in the 
VVI group. 

The relation between the clinical variables originally 
hypothesized to be contributory to the development of 
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TABLE Il Follow-Up in 110 VVI Patients with Respect to 
Development of Atrial Fibrillation 


Atrial Fibrillation 


Present Absent 
(n = 90) 


Mean age (yrs) 66 
Male sex (%) 87 (97) 
50 


Mean follow-up (mos) 

Death (%) 14 (16) 

Coronary artery disease (%) 48 (53) 

Congestive heart failure (%) 22 (24) 

Chronic obstructive pulmonary disease 17 (19) 
(%) 

Hypertension (%) 38 (42) 

Paroxysmal supraventricular 17 (19) 
tachyarrhythmias (%) 

Valvular heart disease (%) 5 (6) 

Cardiomegaly on chest radiograph (%) 7(35) 26(29) 

Sinus node disease (%) 15(60) 46(51) 

Atrioventricular block (%) 6 (30) 50(56) 


NS = not significant. 


AF versus the development of AF is shown in Tables II 
and III. In the VVI group (Table II), the presence of 
paroxysmal supraventricular tachyarrhythmias was the 
only clinical variable found to be significantly more 
common among those patients who developed AF than 
those who did not (80 vs 19%, p <0.001). In the DDD/ 
DDI group (Table III), valvular heart disease was the 
only clinical variable found to be significantly more 
common among those patients who developed AF than 
those who did not (33 vs 7%, p <0.05). 

Patients were then stratified according to their indi- 
cation for pacing. In patients with sinus node disease, 
there was a trend toward an increased incidence of devel- 
oping AF in the VVI group compared to the DDD/DDI 
group (25 vs 11%, p = 0.08). The presence of paroxys- 
mal supraventricular tachyarrhythmias was the only 
clinical variable found to be significantly more common 
among those patients who developed AF in the VVI 
group when paced for both sinus node disease (87 vs 
30%, p <0.001) and AV block (50 vs 8%, p <0.03). 
Valvular heart disease was found to be significantly 
more common among those patients who developed AF 
in the DDD/DDI group only in those paced for sinus node 
disease (38 vs 6%, p <0.05). In the combined population, 
AF was significantly more common among those pa- 
tients paced for sinus node disease than those paced for 
AV block (18 vs 7%, p <0.05). 

When the development of AF in the DDD/DDI and 
VVI groups was examined with respect to the clinical 
variables, AF was found to be significantly more com- 
mon among patients with paroxysmal supraventricular 
tachyarrhythmias in the VVI group compared to the 
DDD/DDI group (48 vs 11%, p <0.01). 

This study demonstrates that the development of AF 
in a group of matched patients paced for sinus node 
disease and AV block is significantly more common 
among those patients with ventricular demand pacemak- 
ers (VVI mode) than among those with AV pacemakers 
(DDD/DDI mode). Further analysis of these findings 
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TABLE ili Follow-Up in 110 DDD/DDI Patients with Respect 
to Development of Atrial Fibrillation 


Atrial Fibrillation 






Present Absent 
(n=9) (n=101) 


77 70 






p Value 


















Mean age (yrs) 


Male sex (%) 8 (89) 81(80) NS 
Mean follow-up (mos) 40 40 NS 
Death (%) 3 (33) 55) <0.02 
Coronary artery disease (%) 5(56) 42(42) NS 
Congestive heart failure (%) 2(22)  28(28) NS 


Chronic obstructive pulmonary disease O (0) 20 (20) NS 
(%) 


Hypertension (%) 4 (44) 28(28) NS 

Paroxysmal supraventricular 4 (44) 34(34) NS 
tachyarrhythmias (%) 

Valvular heart disease (%) 3 (33) Z- <005 

Cardiomegaly on chest radiograph (%) 3(33) 38(38) NS 

Sinus node disease (%) 8(89) 62(61) NS 

Atrioventricular block (%) 2(22) 55(54) NS 





NS = not significant. 


reveals a trend toward significance when patients are 
subgrouped into those paced for sinus node disease. When 
intergroup differences were analyzed, hypertension was 
significantly more common in the VVI group than in the 
DDD/DDI group. Hypertension was not found to be 
significantly more common among those patients in ei- 
ther group who developed AF. Thus, it seems unlikely 
that the increased prevalence of hypertension in the VVI 
group was responsible for the increased incidence of AF. 
The DDD/DDI group was significantly older than the 
VVI group. Because increased age has been associated 
with the development of AF,! this may have negatively 
impacted on the difference between the DDD/DDI 
group and the VVI group. Increased age, however, was 
not significantly associated with the development of AF 
in either group in this study. 

Most studies that have addressed the incidence of AF 
according to pacing mode have used only patients with 
sinus node disease. Three of these studies!!-!3 have 
claimed that the maintenance of AV synchrony (by using 
either atrial demand pacing or AV pacing) results in a 
significantly lower incidence of AF in sinus node disease 
than does ventricular demand pacing. One study that 
investigated patients with both sinus node disease and AV 
block found a 31% incidence of AF in patients with ven- 
tricular demand pacemakers (over 60 months of follow- 
up) versus a 2.3% incidence of AF with AV pacemakers 
(over 32 months of follow-up).!4 The subset of patients 
with AV pacemakers, however, was small. It has been 
proposed that atrial contraction against closed AV valves 
and retrograde conduction, due to the presence of inter- 
mittent ventricular pacing, may accelerate the develop- 
ment of AF in susceptible persons with ventricular de- 
mand pacemakers. !? 

Another important finding is our observation that the 
development of AF was significantly associated with pre- 
existing paroxysmal supraventricular tachyarrhythmias 
in patients with either sinus node disease or AV block who 
had ventricular demand pacemakers. Other studies in 
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both paced and unpaced patients have shown a similar 
association. !!-!516 Almost 50% of our patients with parox- 
ysmal supraventricular tachyarrhythmias in the VVI 
group went on to develop AF versus only 5% of patients 
without paroxysmal supraventricular tachyarrhythmias. 
If the presence of paroxysmal supraventricular tachyar- 
rhythmias is used to predict the development of AF in the 
VVI group, the sensitivity is 80% and the specificity is 
81%. 

Possible explanations for the decreased incidence of 
AF in the DDD/DDI group might therefore include both 
the preservation of AV synchrony, which acts to prevent 
retrograde conduction, and electrical stabilization of the 
sinus node and atrium, which acts to prevent the occur- 
rence of supraventricular tachyarrhythmias. The in- 
creased incidence of AF among patients in the combined 
population with sinus node disease would appear to sup- 
port sinoatrial electrical instability as a possible etiology 
for the subsequent development of AF. Because valvular 
heart disease has been shown to be associated with an 
increased incidence of AF,! it is curious that a significant 
relation between the 2 occurred only in the DDD/DDI 
group. This was probably due to the small subset of pa- 
tients with valvular heart disease. 
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he circulatory response to acute exposure to high 
altitude (>3,000 m) has been extensively studied.!-3 
Sympathetic activation that occurs immediately after the 
exposure produces an abrupt increase in blood pressure 
(BP) and heart rate (HR), which persists for a few 
days.*5 Subsequently, both BP and HR gradually return 
to normal levels. In contrast, the circulatory changes 
caused by exposure to a lower altitude (<1,800 m) have 
not been well studied even though increasing numbers of 
people are spending holidays in the mountains. How 
should a clinician advise the hypertensive patient who 
asks if he is allowed to spend a holiday in the mountains? 
The present study evaluates the effect of a short stay in 
the mountains (1,200 m) on 24-hour ambulatory BP 
levels and on adrenergic activity. 
Twelve normotensive subjects (systolic/diastolic BP 
<140/90 mm Hg on 3 different occasions) and 12 un- 
treated borderline or mild hypertensive patients (average 
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BP 151 + 23/96 + 13 mm Hg) were enrolled in the study. 
The mean age was 41 + 16 and 40 + 16 years, respective- 
ly, for the normo- and hypertensive subjects. Routine 
blood tests, electrocardiograms and fundoscopic exami- 
nations were all negative for the normotensive subjects. 
Six of the hypertensive subjects had echocardiographic 
left ventricular hypertrophy according to Hammond et 
aló and 8 had stage I to II hypertensive retinopathy. 
The study was designed to evaluate the 24 subjects in 
their home town in Padua (altitude 9 m) and during a 
short stay in the mountains at Cortina d’ Ampezzo (1,210 
m). The 2 evaluations were performed 1 month apart 
during the summer in a randomized cross-over fashion. 
During both periods the subjects underwent 24-hour am- 
bulatory BP monitoring starting at 9 AM. Once the re- 
cording was completed an indwelling venous cannula 
was inserted in the arm for catecholamines and plasma 
renin activity determination. Blood samples were drawn 
after a 30-minute rest and after 15 minutes (for cate- 
cholamines) and 60 minutes (for plasma renin activity) 
standing up. At the mountain location BP monitoring 
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was started 12 to 16 hours after arrival. Efforts were 
made to maintain a degree of physical activity similar to 
that of the control period. Upon completion of the 24- 
hour monitoring, subjects were taken by cable car to a 
3,006-m location (Rifugio Lorenzi, Monte Cristallo) 
where they spent a 1.5- to 3-hour period walking about 


DAYTIME 
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or relaxing. Their BP was continuously recorded at 8- 
minute intervals until at least 1 hour after the end of the 
excursion. 

AMBULATORY BLOOD PRESSURE MONITORING: Twenty- 
four-hour noninvasive BP recordings were performed 
with the Avionics Pressurometer IV or the 5200 ICR 


=e- 1210 m 


-0— Sea Level 


FIGURE 1. Twenty-four-hour blood 
pressure (BP) profiles in 12 normotensive 
subjects studied at sea level and at 1,210 
m. 


FIGURE 2. Twenty-four-hour blood 
pressure (BP) profiles in 12 hypertensive 
subjects studied at sea level and at 1,210 
m. 


| sea level 
41210 m 


FIGURE 3. Average daytime and night- 
time blood pressure in 12 normotensive 
(NORMOT) and 12 hypertensive 
(HYPERT) subjects at sea level and at 
1,210 m. 


NIGHT-TIME 


Spacelabs.’ BP was measured every 8 minutes during 
daytime and every 15 minutes during sleep. Twenty- 
four-hour BP profiles were constructed by pooling the 
hourly averages. The effect of the excursion to 3,006 m 
on BP and HR was evaluated by comparing the average 
of the last 5 values before the excursion with the average 
BP and HR recorded at 3,006 m. Free noradrenaline and 
adrenaline were measured by high performance liquid 
chromatography. Plasma renin activity was measured 
by radioimmunoassay of the angiotensin I generated at 
37°. 

One-way analysis of variance and the Bonferroni post 
hoc test were used to evaluate the effects of altitude 
exposure. Spearman rank correlation coefficients were 
calculated for all variables. A p value <0.05 was consid- 
ered statistically significant. 

Twenty-four-hour profiles of both normotensive 
(Figure 1) and hypertensive (Figure 2) subjects showed 
higher daytime BP values at 1,210 m than at 9 m. During 
sleep the 2 BP recordings were similar. On average day- 
time BP increased by 6.1/1.5 mm Hg in the normotensive 
group (p <0.005/difference not significant) and by 5.5/ 
4.3 mm Hg in the hypertensive group (p <0.05/p <0.02, 


FIGURE 4. Blood pressure (BP) and heart 
rate (HR) changes after exposure to 3,006 
m altitude. 


daytime average 


(1210 m) 





Figure 3). The increase in night-time BP was negligible 
(Figure 3). Average daytime HR also increased during 
the mountain stay: in the normotensive subjects from 
74.5 + 10.7 to 77.9 + 10.5 beats/min (p <0.05) and in the 


hypertensive subjects from 69.1 + 7.0 to 73.5 + 8.0. 


beats/min (p <0.025). The night-time HR increase was 
smaller than that during daytime and nonsignificant. 

The circulatory effects of the excursion to 3,006 m 
are shown in Figure 4. BP was higher at 3,006 m than at 
1,210 m, but the difference was Statistically significant 
only for systolic BP. No difference was found between 
the normotensive and the hypertensive subjects. In 7 
cases (5 normotensive and 2 hypertensive) peaks of BP 
were recorded at the 3,006 m location, even though the 
physical activity was kept very low. HR also increased at 
3,006 m and remained elevated during the hour after the 
excursion (Figure 4). 

Plasma catecholamines increased substantially dur- 
ing the mountain stay but the increase was not statisti- 
cally significant (Figure 5). Plasma renin activity in- 
creased from 1.27 + 0.7 to 1.744 1.1 ng/ml/hr (p <0.05) 
in the supine position and from 2.13 + 1.0 to 2.29 + 1.2 
ng/ml/hr after standing up (difference not significant), 


before after 
(1216 m) (1216 n) 
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FIGURE 5. Plasma catecholamines 
measured at sea level and at 1,210 m. 
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BRIEF REPORTS 


Several studies on the circulatory response to high 
altitude have demonstrated that immediately after expo- 
sure there is a marked increase in sympathetic activity 
caused by the hypoxic stress. As a consequence BP and 
HR rapidly increase during the first 2 days of exposure, 
and return gradually to normal levels after 1 week or 
so.2-!1 Paradoxically, no information is available on 
whether circulatory changes also occur in response to low 
altitude, even though a much larger number of people are 
exposed. The results of the present study demonstrate 
that acute exposure to low altitude brings about a signifi- 
cant increase in BP and HR, but lower than that reported 
by other investigators at high altitudes.'~"! 

The magnitude of the BP increase was more pro- 
nounced during waking hours and varied quite widely 
from patient to patient, ranging from very slight to in- 
creases of 17.4 mm Hg for systolic and 16.3 mm Hg for 
diastolic BP. In general, no differences in the BP and HR 
response to altitude were observed between the normo- 
tensive and the hypertensive subjects. The notable, al- 
though nonsignificant, increase in plasma noradrenaline 
and adrenaline found in the present study suggests that, 
in agreement with data obtained at high altitude,*+> the 
circulatory changes are due to sympathetic stimulation. 
The increase in adrenergic activity could also account for 
the higher levels of plasma renin activity found at 1,210 
m. Duration of exposure appears to be one of the critical 
factors affecting both adrenergic and cardiovascular 
function during acclimatization to altitude.’ In most re- 
ports!3910 maximum changes were observed on the sec- 
ond day of exposure, while near normal values were ob- 
served after 1 to 2 weeks. Our ambulatory monitorings 
were started 12 to 16 hours after arrival at 1,210 m, and 
plasma catecholamines were measured after 36 to 40 
hours. It is therefore likely that the increases reported in 
the present study represent peak changes. Hypoxia has 
been suggested to be the main causative agent of the 
altitude-induced increase in sympathetic activity.? How- 
ever, at such altitudes as 1,210 m only a negligible hemo- 


globin oxygen desaturation is present.!? It is therefore 
possible that physiologic alterations other than hypoxia 
are responsible for the circulatory changes noted. In this 
study, considerable effort was given to maintaining con- 
stant experimental conditions in the transition from sea 
level to 1,210 m. Nevertheless, we cannot exclude that 
environmental factors other than altitude may have con- 
tributed to the increase in adrenergic activity, BP and 
HR. 

Whatever the reason for these changes, we stress that 
the main purpose of this study was to find out how great 
the BP increase may be in a person going on a mountain 
holiday: it is indeed a small one. In agreement with previ- 
ous reports!-3.9.!0 at 3,006 m, the increase in BP and HR 
was greater; exposure to such altitudes therefore seems 
contraindicated in hypertensive patients. 
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Attenuation of the Pressor Response to Intravenous Furosemide by 
Angiotensin Converting Enzyme Inhibition in Congestive Heart Failure 


Steven R. Goldsmith, MD, Gary Francis, MD, and Jay N. Cohn, MD 


wW: have previously reported that the administration 
of intravenous furosemide to patients with chronic 
congestive heart failure (CHF) caused an increase in 
mean arterial pressure, an increase in systemic vascular 
resistance and a decrease in cardiac output before the 
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onset of diuresis.! These hemodynamic events were ac- 
companied by large increases in plasma renin activity, a 
moderate increase in plasma norepinephrine (NE), anda 
small increase in plasma arginine vasopressin (AVP). We 
postulated on the basis of these observations that the 
vasoconstrictor response induced by intravenous furose- 
mide was due to acute neurohumoral activation. It was 
not possible to tell from the previous investigation which 
of the vasoconstrictor systems might have been responsi- 
ble for the increase in vascular tone, because all 3 systems 
were concomitantly activated. In this study, we investi- 
gated the hypothesis that the renin-angiotensin system 
may mediate the acute pressor response to furosemide. 


TABLE I Hemodynamic and Neurohumoral Effects of Furosemide in Six Patients With and Without Captopril Pretreatment 


Furosemide 
Control 10 minutes 20 minutes 60 minutes 





Heart rate (beats /min) 
Furosemide alone 
Captopril + furosemide 

MAP (mm Hg) 
Furosemide alone 
Captopril + furosemide 

NE (pg/ml) 

Furosemide alone 
Captopril + furosemide 

AVP (pg/ml) 

Furosemide alone 
Captopril + furosemide 

OSM (mOsm/kg) 
Furosemide alone 
Captopril + furosemide 


* p <0.005; t p = 0.08; t p = 0.05. 


78+ 57 
76 2.6 


92 £11 
82 +12 


729 + 263 
623 + 240 


9.9 +:2.7 
5.5 + 2.39 


276 + 9.8 
275. 13 


783 + 208 
625 + 167.3 


6.4 + 3.0 
5.9 + 2.0 


278+ 9.8 
277 +13 








74415 
76+ 2.6 


472413 
77+3 


77+12 
76+4.0 


95+ 14 
85 9.5 


994 11* 
86 + 10 


93+11 
84+ 8.3 


808 + 276 
729 + 244.5+ 


886 + 3687 
737 + 331+ 


6.7 + 3.4# 
9.5 1.6 


6.5+ 2.8 
6221.8 


275 + 8.0 
278+ 12 


276+ 9.0 
275414 


Values for heart rate, mean arterial pressure (MAP), plasma norepinephrine (NE), plasma arginine vasopressin (AVP) and plasma osmolality (OSM) from both days of the 2-day 


study. Control values for day 2 are those after captopril. 





TABLE II Hemodynamic and Neurohumoral Response to Furosemide in Ten Patients Receiving Long-Term Angiotensin 


Converting Enzyme Inhibitor Therapy 


Control Captopril 


HR (beats /min) 75411 


MAP (mm Hg) 83411 7748 

NE (pg/ml) 561 + 325 551 + 297 
AVP (pg/ml) 7445.7 7444.6 
OSM (mOsm/kg) 284 + 4.4 283 + 5.6 








Furosemide 
10 minutes 20 minutes 60 minutes 
73411 
80+ 10 77+8.5 80 ż 7.8 
565 + 331 629 + 358 642 + 367 
7.13.3 6.8 + 3.0 6.5+3.2 
283 + 5.5 284 + 5.6 283 + 5.3 


No changes are statistically significant. 
HR = heart rate; other abbreviations as in Table |. 


The hypothesis was tested by using pretreatment with 
angiotensin converting enzyme (ACE) inhibitor therapy 
to block the generation of angiotensin II before the ad- 
ministration of furosemide in patients who had never 
received ACE inhibitor therapy, and in a larger group of 
subjects who were undergoing long-term treatment with 
such agents. 

There were 2 parts to this study. In the first part, we 
investigated 6 patients (4 men, 2 women) on consecutive 
days who had never received ACE inhibitors. Five of the 
patients had idiopathic cardiomyopathy, and 1 had isch- 
emic cardiomyopathy. All were receiving digitalis and 
diuretics, which were withheld before study on each day 
of the protocol. On day 1, heart rate, arterial pressure 
(by cuff), plasma NE, plasma AVP, plasma renin activi- 
ty and osmolality determinations were made at control 
in the semirecumbent position. One mg/kg of furosemide 
was then administered intravenously over 2 to 5 minutes. 
Following the furosemide injection, all variables were 
reassessed at 10, 20 and 60 minutes. On day 2, the 
protocol was repeated but 12.5 mg of captopril was given 
before furosemide. Renin was not measured on day 2 
because interpretation after captopril would have been 
impossible. Baseline determinations were made before 
and I hour after captopril with arterial pressure then 
checked every 5 minutes until stability was ensured for 3 


successive determinations. Intravenous furosemide was 
then administered as on day 1. 

In the second part of the study, we investigated 10 
patients on a single occasion who were receiving long- 
term therapy with digitalis, diuretics and ACE inhibi- 
tors. Nine of these patients were men. The ages ranged 
from 54 to 72 years and they were evenly matched be- 
tween ischemic and nonischemic CHF. All were taking 
digitalis and diuretics, which were withheld on the day of 
study. The protocol involved determination of heart rate, 
arterial pressure (by cuff), plasma NE, plasma AVP and 
plasma osmolality during a control period, after ACE 
inhibitors and then 10, 20 and 60 minutes after 1 mg/kg 
of intravenous furosemide. As with the 2-day study, 
furosemide was not given until at least 3 successive 5- 
minute determinations of heart rate and arterial pres- 
sure showed stability a minimum of 1 hour after ACE 
inhibitors. In addition to the stability assessment before 
furosemide and to ensure that later changes in arterial 
pressure from captopril alone could not be confused with 
a blocking effect on the response to furosemide, we mea- 
sured heart rate and arterial pressure before, and 1 and 2 
hours after captopril alone on a different day in 5 of the 
10 subjects. 

Plasma renin activity was measured in the Cardio- 
vascular Division core laboratory at the University of 
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l } Heart Rate and Arterial Pressure Renois in Five 
Patents after Captopril 
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Contro! 1 hour 




























































71413 
8047.2 


70+ 12 
80+ 8.1 


|. HR (beats/min) 74413 
“MAP (mm Hg) 8547.5 


{o Values are from the single-day study. 
1 Abbreviations as in Tables | and f. 






Minnesota using the radioimmunoassay for the genera- 
tion of angiotensin II. Plasma NE was measured by 
radioenzymatic methods. Current inter- and intraassay 
coefficients of variation for both assays average approxi- 
mately 8%. Plasma AVP levels were measured at the 
Medical College of Wisconsin using a sensitive and spe- 
cific radioimmunoassay with a current level of detect- 
bility of 0.3 pg/ml of AVP and coefficients of variation 
averaging approximately 4%. Osmolality determina- 
tions were made with the freezing point depression meth- 
od. 
© Statistical analysis included an analysis of variance 
for repeated measures to compare the responses of all 
the variables over time on each day of study. Individual 
-comparisons of time points after furosemide with values 
~ after ACE inhibitors or with control values (on the day 
-on which no ACE inhibitor was given in the 2-day study) 
< were made using Dunnett's correction if statistical sig- 
< nificance was shown by the analysis of variance. 
= -Table I lists the responses of heart rate, mean arterial 
= pressure, plasma NE, plasma osmolality and plasma 
-< AVP on both days; control on day 2 represents the time 
point after captopril. There were no significant differ- 
ences in any variable before- and after-captopril on that 
day. The data show a statistically significant increase in 
arterial pressure after furosemide alone, but not after 
captopril and furosemide together. Plasma renin activity 
(measured only on day 1) increased from 12.1 + 6.0 to 
32 + 2.0 ng/ml/fhr after furosemide (p <0.001). This is 
comparable to changes in our prior study done without 
‘ACE inhibitor therapy.’ Plasma NE increased modestly 
and comparably on both days, although the changes 
were of borderline statistical significance. Plasma AVP 
increased slightly after furosemide alone, but not after 
urosemide and captopril together. Osmolality did not 
hange from baseline levels on either day. 
» Table II lists the results of the hemodynamic and 
eurohumoral | measurements at baseline, after captopril 
nd during the hour after intravenous furosemide in the 
atients taking long-term ACE inhibitor therapy. After 
{CE inhibitor administration, there was a small but 
tatistically insi ignificant decrease in mean arterial pres- 
ure, but no change in the other variables at any other 
ime either after captopril or furosemide, although a 
ndis present 10 minutes after furosemide for an 
rease in plasma NE. 
Table HI lists the heart ı rates endr mean n arterial pres- 










The administration of intravenous fur utely 
stimulates the activity of the renin- angiotensin system. l 
This observation has been made previously in normal 
humans! and in patients with chronic CHF.!* While the | 
hemodynamic response to furosemide is dominated by 
the effects of diuresis 1 to 2 hours after the administration 
of this agent, the acute hemodynamic effects may be 
more complex. The acute administration of intravenous _ 
furosemide seems to be associated with an increase in 
arterial pressure.'!~3>-? We have observed this previously 
in patients with chronic CHF not receiving ACE inhibi- 
tor therapy! and in the current study during our 2-day 
investigation in which patients who had never taken cap- 
topril were given intravenous furosemide (Table I). Other 
investigators have noted the same phenomenon after in- 
travenous furosemide in patients with chronic CHF or 
after acute myocardial infarction.2>--’ The overall he- 
modynamic response to the administration of furosemide, 
however, may vary depending on the patient population 
studied. In 1 study, patients with acute myocardial in- 
farction given intravenous furosemide exhibited a de- 
crease in cardiac filling pressure that was attributed to a 
direct venodilating effect of the drug.’ This effect may 
have been observed because such patients had increased 
filling pressure due in part to the acute compliance 
changes of acute myocardial infarction, rather than to 
established severe ventricular dysfunction. On the other 
hand, if patients have chronic CHF, the acute increase in 
arterial pressure with a concomitant decrease in cardiac 
output may offset any direct venodilating effects, and the 
cardiac filling pressure may actually rise before diuresis. 
We feel that this was the explanation for the overall 
hemodynamic changes that occurred before diuresis in 
our previously studied patients.! 

Although the hemodynamic consequences of the in- 
crease in arterial pressure may vary in different patient 
groups depending on the sensitivity of the left ventricle to 
loading conditions, the pressor effect after furosemide has 
been consistent.!->5-7 Attempts to block this increase in 
arterial pressure with nonspecific vasodilating drugs such 
as hydralazine or isosorbide dinitrate have not been suc- 
cessful.® The current study, however, shows that captopril 


blocked the arterial pressure response to furosemide in 


patients who had never taken an ACE inhibitor (Table I). 
The blocking effect is also present in patients with chronic 
CHF given intravenous furosemide in the presence of 
long-term ACE inhibitor therapy (Table I). We ensured 
a stable blood pressure after captopril administration and 
before furosemide to be certain that we could draw infer- 
ences regarding prevention, and not just concomitant off- 
setting, of the pressure effect. The stability of the 2-hour 
pressure data after captopril alone in the 5 subjects stud- 
ied on an additional day (Table III) further enhances the 
likelihood that our inference is correct. Our studies, 
therefore, together with the previous unsuccessful at- 
tempts to block the vasoconstrictive response to furose- 
mide i in CHF with K Karon drugs,s sugi yest 
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of the: potent Pause vonin effect of 
nsin H. The blockade of the pressor response by 
etreatment with captopril strongly supports this possi- 
_ bility. However, angiotensin II may also activate the sym- 
_ pathetic nervous system,® it may potentiate the effects of 
` the sympathetic nervous system!®-!! and it may stimulate 
_AVP secretion. 
<- In our prior study, we did observe an increase in both 
plasma NE and plasma AVP after furosemide alone. In 
_the current study, there was a smaller but nonsignificant 
“increase in plasma NE after furosemide alone, but it 
persisted after pretreatment with captopril. A similar if 
also nonsignificant change in NE was seen in the long- 
term captopril therapy patients after furosemide, despite 
the absence of a pressure increase. These observations 
make it less likely that sympathetic activation by angio- 
tensin IT accounts for the pressure increase, but potentia- 
tion by angiotensin H of the effects of NE is not excluded. 

An increase in AVP was again seen in the current 
Study with furosemide alone, but not with captopril plus 
furosemide. Theoretically, therefore, a role for AVP in 
the pressor response is possible, but the changes in plasma 
AVP were very small. Changes of this magnitude might 
affect systemic resistance or cardiac output in heart fail- 
ure, but would be unlikely to raise blood pressure.!3.!4 
Therefore, the most likely explanation for the pressure 
increase after furosemide remains the increase in angio- 
tensin II. 

These data suggest that the presence of ACE inhibitor 
therapy blocks an acute transient pressor effect of furose- 
mide. While potentially relevant to the overall hemody- 
namic response to large doses of intravenous furosemide 









Comparison of Results of Percutaneous Balloon Mitral Valvotomy 
and Double (25 mm and 12 mm) 


Using Consecutive Single (25 mm) 
Balloon Techniques 


Saad Al Kasab, FRCP, Paulo A. Ribeiro, MD, and Wiliam Sawyer, MB, ChB 


his report compares the results achieved in the same 

- Patients by consecutive single balloon mitral valvo- 
tomy; using the largest commercially available balloon 
catheter of 25 mm diameter, and double balloon valvo- 
tomy, using 25 + 12 mm diameter balloon catheters. 

We selected 5 consecutive adult symptomatic pa- 
tients (4 female and 1 male, mean age 25 years, range 19 
to 27) with severe rheumatic mitral stenosis (mean mi- 
tral valve area 0.7 + 0.2 cm°). Three patients were in 
New York Heart Association functional class II and 2 
were in class III. All patients were in sinus rhythm; 3 had 
mild mitral valve regurgitation and 2 had mild aortic 
valve regurgitation. Informed consent for the balloon 
valvotomy procedures was obtained. Two preshaped 
14Fr transseptal sheaths (UMT) were introduced percu- 
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in CHF, the clinical i capone ol these findings 
ing long- term oral administration with loop diuret 
mains to be determined. | 
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taneously through the right femoral vein. A 25-mm di~ 
ameter low profile balloon catheter (Meditech, 4 mm 
long) was then introduced through the first transseptal — 
sheath, positioned across the mitral valve orifice and 
inflated 2 to 4 times up to 4 to 5 atmospheric pressures. 
After the single balloon valvotomy, a 12-mm diameter 
Meditech balloon catheter was introduced through the. 
second 14Fr transseptal sheath; the previously described © 
protocol for the modified double balloon technique! was 
then used to perform double balloon mitral valvotomy. 
Hemodynamic studies, including mitral valve gradient, | 
Gorlin mitral valve area and thermodilution cardiac 
output calculations, were done before and after single 
balloon valvotomy and repeated after the double balloon’ 
valvotomy. Complete 2-dimensional echocardiographic 
and Doppler studies were done using a Hewlett Packard 
phased array system with a 3.5- to 5-MHz transduce 
before and after single balloon mitral valvotomy, « 
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i ethod described by Hattle. Data are expressed as mean 
d standard deviation. Paired t tests were used to test 
he significance between means. 

` -After single balloon mitral valvotomy, the mean mi- 
ral valve area (Gorlin) increased from 0.7 + 0.2 to 1.1 + 
0.2 cm? (p <0.001), and further increased after double 
alloon mitral valvotomy to 2.0 + 0.3 cm? (p <0.001) 
Table D. The mean mitral valve gradient first de- 
reased from 15 + 4 to 11 + 2 mm Hg (p <0.03) and 
urther decreased to 5 + 2 mm Hg (p <0.001) after 
ouble balloon valvotomy (Figure 1). The mitral valve 
ea calculated by Doppler was first increased from 0.8 
0.1 to 1.2 + 0.1 cm? (p <0.01), with a further increase 
2.1 + 0.2 cm? (p <0.01) after double balloon valvo- 
omy (Table I). 

‘Analysis of the echocardiographic studies by 2 inde- 
ndent observers revealed that single balloon dilatation 
duced only a partial split of the fused anterior com- 
ure in 3 patients and of the fused posterior commis- 
in the other 2. After double balloon valvotomy an 


ptimal degree of commissural splitting was achieved in 
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G Hemodynar Grosuure trackeps of skeuilansous left atrial and loft ventricular pressures showing reduction in predi- 
ent across the mitral valve after single balloon (SB), and further significant reduction after double balloon (DB) mitral valvotomy. 
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results achieved by double balloon mitral valvotomy were 
superior to those from a single balloon technique using 
the largest diameter balloon catheter commercially avail- 
able. After single balloon valvotomy, moderate to severe 
mitral stenosis persisted in all 5 cases (mean mitral valve 
area 1.1 cm2). McKay et al, using a single 25-mm bal- 
loon catheter, achieved mitral valve areas more or less 
similar to those in the present study (mean 1.3 cm?). 
Their results indicate persistent moderate mitral valve 
stenosis, particularly in the 39% of patients with a pre- 
dilatation mitral valve area <0.9 cm’; moreover, 3 pa- 
tients had a predilatation mitral valve area of 1.2, 1.3 and 
1.4 cm2, respectively. We believe that success in balloon 
mitral valvotomy should be defined as a >40% increase in 
mitral valve area, with a final valve area achieved >1.6— 
eae. o 
Single and double balloon valvotomy increases the 
mitral valve area by commissural splitting.’ In these 5 
patients, echocardiographic studies showed only a limited 
degree of commissural splitting produced by the single 
balloon technique, whereas the double balloon technique 


achieved optimal de rees of commissural splitt 












balloon mitral valvotomy is the treatment of choice to 
achieve optimal mitral valve areas. 
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Color Flow Doppler Evaluation of St. Jude Medical Prosthetic Valves 


Mohsin Alam, MD, Howard S. Rosman, MD, Darleen McBroom, RDMS, Lois Graham, CCVT, 
Donald J. Magilligan, Jr., MD, Fareed Khaja, MD, and Paul D. Stein, MD 


T ransthoracic color flow Doppler imaging has shown 
promise in evaluating Bjork Shiley mechanical pros- 
thetic heart valves in a limited number of patients.! We 
present our color flow Doppler, pulsed and continuous 
wave Doppler findings in evaluating St. Jude Medical 
mitral and aortic valves. 

Color flow Doppler, pulsed, continuous flow Doppler 
and echocardiographic studies were performed in 48 
normal and in 6 patients with severely regurgitant St. 
Jude Medical mitral and aortic valves. The studies were 
performed from parasternal, apical, suprasternal and 
subcostal windows using commercially available equip- 
ment (Hewlett Packard, Sonas 500). All valves were 
evaluated by color flow Doppler for the presence or ab- 
sence of valve regurgitation. The maximal regurgitant 
jet obtained from parasternal, apical and subcostal win- 
dows was then graded as mild, moderate or severe de- 
pending on the extent of the jet in the receiving cham- 
bers.?? 

The following definitions were used. MILD MITRAL RE- 
GURGITATION = the color flow jet occupied <20% of the 
left atrial chamber. MODERATE MITRAL REGURGITATION = 
the color flow jet occupied 20 to 40% of the left atrial 
chamber. SEVERE MITRAL REGURGITATION = the color 
flow jet occupied >40% of the left atrial chamber. mıLD 
AORTIC REGURGITATION = the width/height of the proxi- 
mal regurgitant jet was less than half the width/height of 
the left ventricular outflow tract. MODERATE AORTIC RE- 
GURGITATION = the width/height of the proximal regur- 
gitant jet was half to two thirds of the left ventricular 
outflow tract. SEVERE AORTIC REGURGITATION = the 
width/height of the regurgitant jet was more than two 
thirds of the left ventricular outflow tract and the length 
of jet extended beyond the papillary muscles. 

Peak transvalvular flow velocities were obtained in 
all prosthetic valves using both pulsed and continuous 
wave Doppler. The transducer alignment was kept as 
close as possible parallel to flow when obtaining peak 
transvalvular flow velocities. From the peak flow, the 
peak and mean mitral and aortic valve gradients were 
calculated by an on-line computer using the modified 
Bernoulli equation, where gradient = 4 (peak velocity)’. 


From the Heart and Vascular Institute, Henry Ford Hospital, 2799 
West Grand Boulevard, Detroit, Michigan 48202. Manuscript received 
August 3, 1989; revised manuscript received and accepted August 11, 
1989. 


The prosthetic mitral valve area was similarly deter- 
mined from the maximal transmitral flow velocities us- 
ing the pressure half-time method.* 

There were 48 normal mitral, 20 normal aortic, 3 
regurgitant mitral and 3 regurgitant aortic valves (Table 


In all 6 patients with dysfunctioning valves, cardiac 
catheterization and angiography were performed within 
12 days (mean 4) of ultrasound studies. The color flow 
Doppler features of valve regurgitation were correlated 


FIGURE 1. Color flow Doppler study of a patient demonstrat- 
ing mild regurgitation of a St. Jude Medical mitral valve. This 
patient had severe angiographic valve regurgitation. LA = left 
atrium; LV = left ventricle; MR = mitral regurgitant jet, RV = 
right ventricle; S = interventricular septum. 
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TABLE I Doppler Features of St. Jude Valves 
Peak Velocity 


Valve Function (n) (m/s) 


Normal mitral (28) 
Regurgitant mitral (3) 
Normal aortic (20) 
Regurgitant aortic (3) 





with angiography in all dysfunctioning valves. The angi- 
ographic valve regurgitation was graded by conventional 
angiographic criteria based on the degree of opacifi- 
cation of the receiving chambers and number of cardiac 
cycles required for maximal opacification. Replacement 
of dysfunctioning prosthetic valves was subsequently 
performed in all 6 patients. 

Color flow Doppler detected only mild to moderate 
mitral regurgitation in all 3 patients who had severe 
angiographic evidence of St. Jude Medical mitral regur- 
gitation (Figure 1). In 2 patients the underestimation 
was of a severe degree (Figure 2). All these patients 
presented with clinical findings of decompensated heart 
failure. 

Color flow Doppler agreed with angiography for the 
severity of aortic regurgitation in 2 of 3 regurgitant St. 
Jude Medical aortic valves (Figure 2). 

The normal values of Doppler-derived peak valve 
velocities, mean valve gradients and valve area of St. 
Jude Medical valves are listed in Table I. Note that color 
flow Doppler demonstrated mild mitral and aortic re- 
gurgitation in 6% and 18% of mitral and aortic St. Jude 
Medical valves, respectively. These patients had no aus- 
cultatory findings of valve regurgitation. 
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Mean Gradient 





Valve Area Regurgitation 

(cm?) Severity (%) 
Mild (6) 
Mild-moderate (100) 
Mild (18) 
Moderate-severe (100) 


The results of the current study indicate that the color 
flow Doppler criteria used for quantitating native mitral? 
and aortic valve regurgitation? can accurately diagnose 
the presence of valve regurgitation with St. Jude Medical 
prosthesis but may underestimate its severity in 1 of 3 
aortic valves and all 3 mitral valves. With mechanical St. 
Jude Medical mitral valves this underestimation of regur- 
gitation may be a result of masking of the left atrium 
behind the valve due to the highly echo-reflective metallic 
disc. This phenomenon was demonstrated in vitro by 
Sprecher et al* with mitral ball and cage, tilting disc and 
St. Jude Medical valves and, to a lesser extent, with 
bioprosthetic valves. Transesophageal color flow Dopp- 
ler, where transducer location averts atrial masking, is 
more sensitive than transthoracic color flow Doppler in 
diagnosing mechanical prosthetic mitral valves regurgita- 
tion.56 

Thus, in symptomatic patients with suspected St. Jude 
Medical mitral valve regurgitation, the current criteria 
for regurgitant severity are inadequate and other means 
should be used for quantitating regurgitation. Trans- 
thoracic color flow Doppler, however, was useful in eval- 
uating regurgitant St. Jude Medical aortic valves because 
there is no masking of the left ventricular outflow tract 


Angiographic regurgitation 


FIGURE 2. Color flow Doppler and angio- 


graphic quantification of St. Jude Medical 
mitral and aortic valve regurgitation. 






ical or par sternal view: are used. The peak 
ler flow velocity across the St. Jude Medical aortic 
: é can be underestimated (due to flow masking) when 
-apical windows are used. This problem can be minimized 
‘if suprasternal and right parasternal windows are used 
to obtain peak aortic flow velocities. Because contin- 
uous wave Doppler capabilities are lacking in the trans- 
esophageal probes that are now available commercially, 
this approach will have limited value (due to aliasing) 
in obtaining peak aortic mechanical valve flow veloc- 
ities. 

In conclusion, color flow Doppler is of value in diag- 
nosing St. Jude Medical aortic valve regurgitation, but 
‘may sometimes underestimate its severity. Color flow 
Doppler as used in this study has severe limitations in 
estimating St. Jude Medical mitral valve regurgitation. 
The color flow Doppler finding of severe St. Jude Medical 


Color Flow Doppler Evaluation of Cardiac Bioprosthetic Valves 


Mohsin Alam, MD, Howard S. Rosman, MD, Kathryn Hautamaki, RN, RDMS, 
MD, Fareed Khaja, MD, and Paul D. Stein, MD 


Lois Graham, CCVT, Donald J. Magilligan, Jr., 


T ransthoracic color flow Doppler has shown promise 
in evaluating bioprosthetic heart valves in a limited 
number of patients.! We present our color flow Doppler, 
pulsed and continuous wave Doppler findings in evaluat- 
ing bioprostheses in the mitral and aortic valve positions. 

Color flow Doppler, pulsed, continuous flow Doppler 
and echocardiographic studies were performed in 150 
patients with bioprosthetic valves implanted in mitral 
and aortic positions. The studies were performed from 
parasternal, apical, suprasternal and subcostal windows 
using commercially available equipment (Hewlett Pack- 
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: r flow Doppler of a severely regurgitant bio- 
LA = RA = righi at LV = ee 


‘ment of mitral prosthetic valve dysfunction by transesophageal color coded Dopp- f 
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valve dysfunction. ee 
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ard, Sonas 500). All valves were evaluated by color flew 
Doppler for the presence or absence of valve regurgita- 
tion. 
The following definitions were used to grade the se-. 
verity of bioprosthetic valve regurgitation? MILD REGUR- 
GITATION IN THE MITRAL POSITION: the color flow jet occu~ 
pied <20% of the left atrial chamber. MODERATE REGUR- 
GITATION IN THE MITRAL POSITION: the color flow jet 
occupied 20 to 40% of the left atrial chamber. SEVERE 
REGURGITATION IN THE MITRAL POSITION: the color flow jet 
occupied >40% of the left atrial chamber (Figure 1)... 
MILD REGURGITATION IN THE AORTIC VALVE POSITION: the 
width/height of the proximal regurgitant jet was less 
than half the width/height of the left ventricular outflow 
tract. MODERATE REGURGITATION IN THE AORTIC VALVE PO- 
SITION: the width/height of the proximal regurgitant jet. 
was half to two thirds of the left ventricular outflow = = 


FIGURE 2. Color flow Dopplèr of ä severely ; 
prosthetic aortic valve. AR = aortic r : 
abbreviations asin Figure. i. : 








talie the ori fice area was | 
equation. — got eae a 
Patient harenis are SE in 1 Table I In £ 
all 48 patients with dysfunctioning valves and in 12 of 
ure 2) 102 with normal bioprostheses, cardiac catheterization 
. Peak anoal iar flow velocities were obtained in y angiography were performed within 26 days (mean 
l prosthetic valves using both pulsed and continuous 6) of ultrasound studies. The color flow Doppler fea- s 
wave Doppler. The transducer alignment was kept as tures of valve regurgitation were correlated with angiog- . 
lose. as possible parallel to flow when obtaining peak raphy in all dysfunctioning valves. The angiographic d 
ansvalvular flow velocities. From the peak flow, the valve regurgitation was graded by conventional angiog- 
eak and mean mitral and aortic valve gradients were raphy criteria based on the degree of opacification of the. 
Iculated by an on-line computer using the modified receiving chambers and number of cardiac cycles. re- 
Bernoulli equation, where gradient = 4 (peak velocity)’, quired for maximal opacification. In all patients with 
[he prosthetic mitral valve area was similarly deter- predominantly stenotic bioprostheses the valve area was 
mined from the maximal transmitral flow velocities us- calculated from cardiac catheterization by modified — 
ng the pressure half-time method.‘ In the stenotic aortic Gorlin equation. Replacement of dysfunctioning pros- 
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TABLE I Doppler Features of Bioprosthetic Valves 


* p <0.001 vs normal mitral valves. 
NP = not performed. 


thetic valves was subsequently performed in 41 of 48 
valves. 

Figure 3 shows the presence or absence of color flow 
bioprosthetic mitral regurgitation and its correlation 
with angiography. Qualitatively, Doppler findings 
agreed with angiography for the presence of valvular 
regurgitation in 27 of 28 patients (96%) and its absence 
in 10 of 11 patients (91%). Quantitatively, the Doppler 
method correctly defined mitral regurgitation in only 19 
of 28 patients (68%). It underestimated mitral regurgi- 
tation by 1 grade in 7 patients and by 2 grades in 2 
patients (Figure 3). Figure 1 shows color flow Doppler of 
a severely regurgitant bioprosthetic mitral valve. 

The angiographic and color flow Doppler correlation 
of aortic regurgitation is summarized in F. igure 4. Note 
that color flow Doppler correctly estimated severity of 
aortic regurgitation in 7 of 8 (87%) patients and under- 
estimated it in 1. Figure 2 shows color flow Doppler of a 
severely regurgitant bioprosthetic aortic valve. 

All 4 patients with paravalvular mitral regurgitation 
had an eccentric color jet located outside the confines of 
the valve ring (Figure 5). Compared to angiography, 
color flow Doppler correctly estimated the severity of the 
mitral valve regurgitation in 3 of 4 (75%) patients. 

The correlation between Doppler- and catheteriza- 
tion-derived mitral and aortic valve areas is summarized 





FIGURE 5. Color flow Doppler image of a paravalvular 
regurgitant bioprosthetic mitral valve. Note the eccentric 
location of the regurgitant color flow jet. MR = mitral 
regurgitant jet; other abbreviations as in Figure 1. 





Peak Velocity Mean Gradient Valve Area Regurgitation 
Valve Function (n) (m/s) (mm Hg) (cm?) Severity (%) 
Normal mitral (61) 1940.3 7+2 3.3+0.5 Mild (5) 
Regurgitant mitral (28) 2.3+0.3 944 1.9 + 0.4 Mild-severe (100) 
Pararegurgitant mitral (4) 2.2 +40.4 742 2.3+0.6 Moderate-severe (100) 
Stenotic mitral (7) 2.5+0.3* 15+ 6* 0.9+0.3* Mild-moderate (28) 
Normal aortic (41) 2440.4 1345 NP Mild (9) 
Regurgitant aortic (8) 2.7 +40.4 1745 NP Moderate-severe (100) 
Stenotic aortic (1) 4.5 49 0.6 0 



















in Figure 6. Note the good correlation (r = 0.83) between 
the 2 methods when evaluating stenotic bioprosthetic 
valves. 

The normal values of Doppler-derived peak valve 
velocities, mean valve gradients and valve area of bio- 
prosthetic valves are summarized in Table I. 

Our results indicate that color flow Doppler can accu- 
rately diagnose the presence of bioprosthetic valve regur- 
gitation but may underestimate its severity in 13% of 
aortic and 32% of mitral valves. Because all patients with 
color flow Doppler findings of severe bioprosthetic valve 
regurgitation had severe angiographic regurgitation, its 
presence on color flow Doppler is an excellent predictor of 
severe valve dysfunction. Recently, transesophageal color 
flow Doppler has shown potential in evaluating biopros- 
thetic and mechanical mitral valve regurgitation.® 

We were also able to differentiate paravalvular bio- 
prosthetic mitral regurgitation from valvular regurgita- 
tion by virtue of the eccentric location of the origin of 
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FIGURE 6. Cardiac catheterization and Doppler correlation of 
the mitral and aortic stenotic bioprosthetic valves. Note the 
good correlation (r = 0.83) between the 2 methods. 
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color flow jet when viewed from multiple acoustic win- 
dows. In stenotic bioprosthetic valves the Doppler-de- 
rived mitral and aortic valve areas correlate fairly well 
with areas obtained during cardiac catheterizations. 

In conclusion, color flow Doppler is of value in diag- 
nosing bioprosthetic mitral and aortic valve regurgita- 
tion, but may underestimate its severity in some in- 
stances. The color flow Doppler findings of severe bio- 
prosthetic mitral and aortic valve regurgitation are an 
excellent predictor of severity of valve dysfunction. 
Pulsed and continuous wave Doppler are of value in diag- 
nosing and quantitating bioprosthetic mitral and aortic 
valve stenosis. 
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Analysis of Calcium, Zinc, Magnesium, iron 
and Copper Content in Myocardium and Stenotic Mitral Valves 


Iker Durak, PhD, Ahmet Sahin, MD, Zuhal Yurtarslani, MD, and Ahmet Sonel, MD 


heumatic endocarditis produces the verrucous valvu- 

litis of acute rheumatic fever, which leads to serious 
permanent cardiac lesions. While the initial insult to the 
mitral valve is rheumatic, subsequent changes may be 
nonspecific. They can result from trauma to the valve 
caused by altered flow patterns due to the initial deformi- 
ty or other reasons not yet known. In this respect, changes 
in the metabolism of some elements including calcium, 
zinc, magnesium, iron and copper may have unestab- 
lished functions in the disease process. This work intends 
to evaluate that hypothesis. 

Although calcium has many vital functions in the 
body, experimental! and clinical? studies have shown 
that high intracellular calcium levels can cause damage 
to muscle. Several studies have emphasized the signifi- 
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cant role of hypercalcemia in cardiac valvular*? and mi- 
tral anular® calcification. To our knowledge, no investi- 
gation between quantitative calcium levels of heart valve 
and heart muscle and valve calcification has been report- 
ed. We performed such a study to establish possible corre- 
lations between the calcification process and quantitative 
calcium levels of heart valve and heart muscle. 

We also attempted to investigate the roles, if any, of 
other elements such as zinc, iron, magnesium and copper 
because the metabolism of these elements is related to 
calcium metabolism. Among these elements, magnesium 
seems to be of particular importance. In 1 study,’ myo- 
cardial magnesium content was found to be lower in 
biopsy samples from patients with cardiomyopathic and 
dysplastic lesions than that in biopsy samples from con- 
trol subjects. Two studies have established correla- 
tions between magnesium deficiency and cardiac disor- 
ders !0.!! 

Mitral valves and papillary muscle pieces removed 
together with chordae tendineae were obtained by surgi- 


TABLE I Values of Elements in Heart Valves from 40 Patients (1) and 12 Control Subjects (2) 


Element Group 


Calcium (ppm) — 
2 307 + 120 
P value 
Zinc (ppm) 


P value 
Magnesium (ppm) 


P value 
Iron (ppm) 


P value 
Copper (ppm) 
P value 


All + values are mean + standard deviation. 
A = patient and control groups in general without classification; B = patient group wit 


419+ 129 6,871 +2,714 
<0.005 <0.01 

isézZ 20 +9 
NS <0.01 
453 + 190 539 + 128 
<0.01 <0.01 

57 £9 63+ 14 
<0.001 <0.001 

1125 


<0.001 


h heart valve calcium levels <200 ppm; C = patient group with heart valve calcium levels be- 


tween 200 and 1,000 ppm; D = patient group with heart valve calcium levels >1,000 ppm; NS = difference not significant. 
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cal operations from 40 patients with rheumatic heart 
disease, taking precautions to avoid element contamina- 
tion. The diagnosis of rheumatic valvular heart disease 
was made in all patients by laboratory, clinical and echo- 
cardiographic findings. 

Heart valve and heart muscle samples from 12 con- 
trol subjects were prepared for analysis by washing them 
thoroughly with deionized water and removing impuri- 
ties. Valve and muscle portions were then separated, 
cleaned and dried at 70°C for 30 minutes. Valve and 
muscle samples were digested in a solution composed of 
concentrated nitric acid/perchloric acid mixture, 6/1 (v/ 
v), which was heated mildly. Element determinations 
were performed by using an atomic absorption spectro- 
photometer (Hitachi model 180/80 AAS). In element 
determinations, a standard addition technique was 
used.!? 

The ages of the patients ranged from 22 to 42 years 
(mean + standard deviation 32.4 + 5.6). For the control 
group it ranged from 20 to 44 years (mean + standard 
deviation 30.4 + 8.2). The duration of rheumatic heart 
disease symptoms ranged from 1 to 12 years (mean + 
standard deviation 6.2 + 1.2). There were 22 male and 
18 female patients. All subjects in the control group were 
male. 

Results are listed in Tables I and II. In group A 
(Table I), the mean values for all elements were estab- 
lished for the entire group of patients and control sub- 
jects. Patients were then divided into 3 subgroups ac- 
cording to calcium levels. Group B had calcium levels 
<200 ppm, group C between 200 and 1,000 ppm, and 
group D >1,000 ppm values. 

The differences between the values of patients and 
controls were statistically significant for calcium levels. 
Although there were no differences between zinc levels of 
patients and controls in groups A and C, there were 
statistically significant differences between zinc levels of 
controls and patients in groups B and D. There were also 
differences among the patient groups’ zinc levels. 

Magnesium was similar to zinc, except in group C. 
Iron levels in all patient groups were lower than those of 
the control group (p <0.001). Patient groups B, C and D 
also had significantly different iron levels. The copper 
analysis resembled iron. An interesting finding (Table I) 
was that the mean element levels in group B were lower 
than those in group C and the group C levels were lower 
than those in group D. To some extent, it means that a 
parallelism is present between valve calcium levels and 
other elements. 

Table II lists the mean values of calcium, zinc, mag- 
nesium, iron and copper in heart muscle. The patients 
were divided into 3 groups. Group B had mean muscle 
calcium levels <100 ppm. In group C, the mean level was 
>100 ppm. Group A consisted of patients only. There 
was no significant difference between calcium levels in 
heart muscle of patients (group A) and controls. How- 
ever, the mean zinc level of control subjects was lower 
than those in group A, group B and group C (p <0.001 
for all). We found no significant difference between the 
control group’s magnesium level and groups A and C. 
The difference versus group B was significant (p <0.05). 


p Value 
Element Group (n = 28) (n=12) BvsC 


Calcium (ppm) 94424 45413 209450 <0.001 
2 100+22 -= — — 
P value <0.01 <0.01 — 
33+8 NS 


Zinc (ppm) 2948 
2 F- = 
P value i <0.001 <0.001 — 
Magnesium (ppm) 242 +174 289481 <0.05 
P value <0.05 NS — 
Iron (ppm) 125+40 1254+41 NS 
P value . <0.05 <0.05 — 
Copper (ppm) 166 18+7 NS 
2 


-—— —- 


P value NS —- 


All + values are mean + standard deviation. 

A = patient and control groups in general without classification; B = patient group 
with myocardium calcium levels <100 ppm; C = patient group with myocardium 
calcium levels >100 ppm; NS = difference not significant. 





The mean iron level of the control group was higher than 
those of all the patient groups. There was no significant 
difference between the copper levels of control and pa- 
tient groups. Thus, regarding the element levels of heart 
muscle, significant differences were only found for zinc 
and iron levels of patients and control subjects. 

We also attempted to establish some possible corre- 
lations between the element levels in heart muscle and 
valve. Only a few weak correlations could be established. 

When sex-related differences were investigated for 
the patients’ elements, no significant differences 
emerged. 

In conclusion, we found significant differences be- 
tween element levels in heart valves and muscles from 
patients and control subjects. We also established some 
interesting intra- and interrelations among the elements 
studied. What are the implications of these findings to 
rheumatic heart disease and mitral valve calcification? 
Are they the result of the disease or do they have some 
unknown metabolic functions in progression of the dis- 
ease? In our opinion, both may be possible. 

In some circumstances, deficiencies or elevated levels 
of some elements may exaggerate some pathologic condi- 
tions and trigger some abnormal events leading to various 
kinds of disease processes. For example, copper deficien- 
cy can lead to an abnormal arterial elastin cross-linking. 13 

We suggest that the element imbalances found in the 
heart valves and muscles from rheumatic patients may 
arise from the disease itself, or may contribute to the 
disease formation directly or via secondary factors result- 
ing from abnormal element status. It may be useful to 
study this and other related subjects further to determine 
the possible functions of elements, if any, in the mitral 
valve calcification process seen in rheumatic heart dis- 
ease. 
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Mechanism of Disappearance of S3 with Maturation 
Marlene K. Wilken, RN, MN, David G. Meyers, MD, Peter A. Laski, BA, Frank P. Yi, MS, 


and Helen Starke, MD 


S 3 is generally audible in normal children and 
young adults but disappears with maturation. Disap- 
pearance of the physiologic S; has been correlated with a 
decrease in the rate of early diastolic left ventricular 
filling and subsequent deceleration of inflow, possibly 
resulting from maturation-associated relative left ventric- 
ular hypertrophy.! We examined the association of the 
disappearance of the physiologic S3 to changes in left 
ventricular diastolic function with aging. 

Forty-nine normal subjects, equally distributed in 
deciles between 0 and 50 years of age, were examined. 
Absence of heart disease was confirmed by medical his- 
tory, cardiac auscultation, 2-dimensional and M-mode 
echocardiography, and pulsed Doppler ultrasound. 
Resting right arm arterial blood pressure (Korotkoff 
sounds I and IV), using the cuff technique, was obtained 
in the sitting position. The presence or absence of S3 was 
assessed by cardiac auscultation (a single examination) 
and phonocardiography at the apical position using a 
Diasonics CFM-700 and an Irex transducer filtering 
<200 Hz and >15,000 Hz. Two-dimensionally directed 
M-mode echocardiograms were recorded on an ATL 
Ultramark 8 (Squibb Corp.) from which measurements 
of left ventricular chamber dimensions and wall thick- 
nesses were made by standard techniques. Left ventricu- 
lar mass was derived by the formula: mass = {(left 
ventricular chamber dimension in diastole + posterior 
wall thickness X 2)? — (chamber dimension in dias- 
tole)?| X 1.05 g/cc. 

Pulsed Doppler ultrasound, with sampling in the left 
ventricular inflow tract under 2-dimensional echocar- 
diographic guidance, was performed from the apical 
transducer position aligning the ultrasound beam to 
within 10° parallel to the major axis of diastolic blood 
flow through the mitral valve. Measurements were per- 
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formed ona Microsonics CAD 886 image processing and 
image quantitation system. 

Data are presented as mean + standard deviation. 
Cross-product moment correlation was used to demon- 
strate associations between continuous variables. Means 
were compared using a 2-tailed Student's t test. Stepwise 
discriminant analysis was used to identify anthropomet- 
ric or hemodynamic parameters (Table I) that contrib- 
ute most toward separating the presence or absence of S3. 

S3 was detected in 20 subjects younger than 20 years; 
in 6 of 9 ages 20 to 29 years; in 5 of 10 ages 30 to 39 years; 
and in 0 of 10 subjects ages 40 to 48 years. There was 
agreement between auscultation and phonocardiography 
in all. There were no significant differences in any of the 
variables when grouped by sex. Characteristics of those 
with and without S3 are listed in Table I. 

Both systolic and diastolic blood pressures were 
higher in older persons (Table I) and were higher in the 
group without S3 (126 + 16 vs 112 + 14 mm Hg, p = 
0.002, and 78 + 8 vs 70 + 14 mm Hg, p = 0.02) (Table 
I). Although no subject had a history of hypertension, 
casual systolic pressure was >145 mm Hg in 5 subjects 
(1 with and 4 without S3), and diastolic pressure was 
>95 mm Hg in 2 subjects (1 with and 1 without $3). 

Left ventricular mass increased with blood pressure 
(Table II). Subjects without S3 had a greater left ven- 
tricular mass (150 + 49 vs 118 + 57 g, p = 0.05) (Table 
I). Peak early diastolic velocity, which did not correlate 
highly with left ventricular mass (Table IT), was lower in 
the group without S3 (0.71 + 0.11 vs 0.81 £0.12 m/s, p = 
0.0014) (Figure 1A). The rate of deceleration of early 
diastolic filling, which did correlate with left ventricular 
mass (Table II), was lower (4.0 + 1.1 vs 4.8 + 1.4 m/s, p 
= ().05) (Figure 1B) in the group without S3. The ratio of 
early (E) to late (A) diastolic flow velocity, an index of 
left ventricular compliance, was lower in the group with- 
out S3 (1.7 + 0.4 vs 2.1 + 0.8, p = 0.001). 

Stepwise discriminant analysis was applied to the 
variables in Table I. Age, peak early diastolic velocity 
and rate of deceleration correctly classified 86% of the 
subjects with, from those without, S3. 










TABLE I Subject Characteristics 





Absent 






Age (yr) 
Height (cm) 
Weight (kg) 


Body surface area (m2) 


36+ 10 
170+12 
74.1417.0 53.7+25.4 0.003 
1.86+0.25 1.494048 0.001 













Systolic BP (mm Hg) 126+ 16 112414 0.002 
Diastolic BP (mm Hg) 78+8 70+ 14 0.02 
Left ventricular mass (g) 150 + 49 118+ 57 0.05 
Septal thickness (cm) 8.6+1.5 76419 0.05 
Posterior wall thickness (mm) 7.34£1.3 6.5+1.6 0.05 
LVIDd (mm) 4947 47+7 NS 
LVIDs (mm) 31+4 29+4 NS 







Fractional shortening 0.37406 037404 NS 


BP = blood pressure; LVIDd = left ventricular internal dimension, diastole; LVIDs = 
left ventricular internal dimension systole; NS = difference not significant. 











Heart sounds are generally considered cardiohemic 
vibrations due to auscultation or decelerations of blood in 
response to pressure changes.' The most widely accepted 
mechanism of the genesis of S} is sudden deceleration 
from the abrupt limitation of expansion of the left ven- 
tricular wall during rapid, early diastolic filling. In- 
creased ventricular compliance, increased early diastolic 
filling volume or increased velocity of early diastolic fill- 
ing accentuates the vibration that produces the sound.3-4 
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Age—blood pressure 





Systolic 0.63 0.0001 

Diastolic 0.52 0.001 
Blood pressure—LV mass 

Systolic 0.57 0.0001 

Diastolic 0.55 0.0001 
LV mass—early diastolic velocity 0.40 0.004 
LV mass—deceleration 0.67 0.0001 


LV = left ventricular. 


S3 has been correlated with peak diastolic filling velocity 
and, in turn, the rapidity of deceleration. The higher 
the inflow rate and the steeper the rapid filling wave, the 
greater the rate of deceleration. 

Van de Werf et al,! using phonocardiography, exam- 
ined the age-related disappearance of S, and found it 
present in all subjects below the age of 18 years, in 94% of 
subjects between 18 and 36 years of age and in 39% of 
subjects above 40 years of age. The time interval between 
S2 and S, increased and the amplitude of S, decreased 
with aging.” Both the height and the peak derivative of 
the rapid filling wave decreased with age, while the dura- 
tion of rapid filling and left ventricular mass increased 
significantly. This suggests that the disappearance of the 
physiologic S3 with age results from a decrease in early 
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FIGURE 1. A, early diastolic peak velocity in the groups with and without S3. B, early diastolic deceleration in the groups with 


and without S3. 
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diastolic left ventricular filling and subsequent decelera- 


tion of inflow caused by the relative left ventricular hy- 
pertrophy in adults compared with children. 

The age-related progressive increase in blood pres- 
sures®’ is responsible, in part, for the progressive thicken- 
ing of left ventricular walls and increase in left ventricular 
mass. Others have also shown a decrease in left ventricu- 
lar filling rates and increased duration of rapid filling 
with aging.>!%!? 

Our study is an attempt to integrate several previously 
documented age-related cardiovascular changes into a 
single cohesive explanation of the genesis of S3 and its 
disappearance. We have demonstrated that alterations in 
the rate of deceleration of early diagnostic filling result in 
the disappearance of S3. Although our cross-sectional 
study suggests a sequential and interrelated effect of age- 
related increases in blood pressure on mass, compliance 
and left ventricular filling with ultimate disappearance of 
S}, this integrated concept requires a longitudinal study 
for definitive demonstration of causation. 
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Severe Pulmonary Hypertension and Cor Pulmonale in the Acquired 


immunodeficiency Syndrome 


Ronald B. Himelman, MD, Mary Dohrmann, MD, Phil Goodman, MD, Nelson B. Schiller, MD, 
Niel F. Starksen, MD, Martha Warnock, MD, and Melvin D. Cheitlin, MD 


Ri umerous cardiopulmonary manifestations of the 
acquired immunodeficiency syndrome (AIDS) have 
been reported.!? We have previously found that dilated 
cardiomyopathy, pericardial effusion and pleural effu- 
sion are the most common cardiopulmonary lesions de- 
tected by echocardiography in hospitalized AIDS pa- 
tients.2 We have also noted evidence of mild to moderate 
pulmonary hypertension in patients with dilated cardio- 
myopathy and occasional patients with active Pneumo- 
cystis carinii pneumonia.’ By necropsy studies, some 
AIDS patients with Pneumocystis carinii pneumonia or 
cytomegalovirus infection of the lung have had right ven- 
tricular dilatation in the absence of left ventricular dila- 
tation or myocarditis? Although pulmonary emboli, 
pulmonary infarction, venous thromboemboli and non- 
bacterial thrombotic endocarditis have also been demon- 
strated by autopsy in AIDS patients, cor pulmonale has 
not been reported previously. 

Over a 7-year period (1982 to 1988), we have ob- 
served 6 men with AIDS who developed the subacute 
onset of moderate or severe pulmonary hypertension as- 
sociated with right ventricular hypertrophy and failure 
(Table I). The diagnoses of AIDS were based on criteria 
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from the Centers for Disease Control.4 Extrapolating 
from data on the number of AIDS patients admitted to 
these hospitals over this time period, the incidence of this 
disorder in hospitalized AIDS patients appears to be 
about 6 in 1,200 patients (0.5%). Because patients with 
milder degrees of pulmonary hypertension may not have 
come to clinical attention, however, the true incidence 
may be much higher. 

Of the 6 men, 4 were homosexual or bisexual and 3 
were intravenous drug abusers. Prominent features of 
their cardiopulmonary illnesses included increasing dys- 
pnea on exertion, hypoxemia, restrictive lung disease, 
decreased diffusing capacity for carbon monoxide and 
severe pulmonary hypertension. The most distinguishing 
clinical feature was right ventricular hypertrophy on 
electrocardiogram (Figure 1). It was present in all pa- 
tients and often the first clue to the diagnosis of pulmo- 
nary hypertension. Doppler echocardiography demon- 
strated right atrial and ventricular enlargement, para- 
doxical septal motion and marked elevations in right 
ventricular systolic pressure (Figure 2). Right-sided 
heart catheterization confirmed the elevated values for 
pulmonary artery pressures, and also showed elevated 
values for pulmonary vascular resistances and right atri- 
al pressures, relatively normal left ventricular filling 
pressures and normal to low cardiac outputs by thermo- 
dilution. Five patients developed pulmonary hyperten- 
sion in the setting of one or more pulmonary infections 
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TABLE I Clinical Parameters in Patients with AIDS and Pulmonary Hypertension 





4 
















wi nettle eS <: 


















Age (yrs) 30 35 38 43 44 49 
AIDS risk Bisexual, IVDA Homosexual IVDA Homosexual Homosexual IVDA 
AIDS diagnosis Dementia PCP PCP, ITP KS PCP, CMV Dementia 
Symptoms DOE DOE, presync DOE, edema DOE, edema DOE, cough DOE 
Time onset (mos) 4 2 5 12 4 >12 
Lung infections Strep, Klebs Strep, PCP PCP 0 PCP, CMV Bronchitis 
ESR (mm /hr) —_ 47 20 10 115 49 
ANA titer 1:20 1:20 — 1:20 <1:20 — 
Chest radiograph CM, PAE, pl eff CM CM, Int CM, PAE CM, PAE, Int CM, PAE, Int 
Spirometry Mild /mod restr Mild rest Mild restr Mild restr Mild restr Mild /mod obstr 
DLCO (% predicted) 81 70 47 87 —- 37 
pH /PaO2/PaCO2 (mm Hg) 7.39/67 /34 7.44/51/28 7.42/66/29 7.41/73/32 7.37 /62/37 7.37 /53/32 
V/Q (defects) 2 matched 1 matched — Normal — 1 matched 
Pulmonary angiogram Positive — — — — Negative 
Lung pathology — PCP, fibrosis — — CMV, PCP, fibrosis — 
Electrocardiogram RAE, RVH RVH RAD, RVH RAD, RAE, RVH NSST RAD, RV 
Echocardiogram RVE, PSM RVE, RAE, PE RVE, PE RVE, RAE, PSM RVE, RAE RVE, RAE, PSM 
RVSP (mm Hg) 99 65 50 — — 75 
Hemodynamic data 

RAP (mm Hg) 30 14 16 14 18 — 

PA S/D (mm Hg) 67/43 68/22 51/31 100/50 56/38 — 

PA mean (mm Hg) 48 34 38 66 42 60* 

PAWP (mm Hg) 17 8 12 12 12 -— 

CO (liters/min) 3.5 3.2 3.8 3.0 4.5 — 

PVR (dynes s cm~’) 709 648 555 1440 555 — 
Treatment Warfarin, diuretic Or AZT, diuretic Or Ventilation AZT, O2, warfarin 
Outcome Alive 5 months Dead Alive 6 months Unknown Alive 2 months 












m. 

AIDS = acquired immunodeficiency syndrome; ANA = serum antinuclear antigen; AZT = zidovudine; CM = cardiomegaly, CMV = cytomegalovirus; CO = cardiac output 
i ion: ESR = erythrocyte sedimentation rate; Int = interstitial infiltrate; IVDA = intravenous drug abuser, ITP = immune thrombocytopenia; 

home oxygen; PA mean 







presyncope; PSM = p 
right atrial pressure; restr = restrictive defect; RVE = right ventricular enlargement; RVH = right ventricular h 
by Doppler; Strep = Streptococcus pneumoniae pneumonia; ventilation = mechanical ventilation; V/Q = v 
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FIGURE 1. Twelve-lead electrocardiogram in one of the patients demonstrating right axis deviation and right ventricular 
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ventricle (RV) and right atrium (RA) and a small pericardial effusion (p); LV = left ventricle, LA = left atrium. Continuous-wave 


FIGURE 2. Two-dimensional Doppler echocardiography. On the right, the apical 4-chamber indicates an enlarged right 


Doppler evaluation of the tricuspid valve reveals a peak tri 
ventricular systolic pressure was estimated to be 65 mm Hg. 


(Pneumocystis carinii pneumonia, cytomegalovirus, 
bacterial pneumonia or bronchitis). Pulmonary h yper- 
tension did not respond to the treatment of the pulmo- 
nary infection, oxygen or vasodilators: 2 patients had a 
fulminant course that led to death. Although the pro- 
gressive symptoms of this disorder were initially ob- 
scured by recurrent opportunistic pulmonary infections 
in these patients, the new development of abnormalities 
on physical examination, chest radiograph and electro- 
cardiogram over a 2- to 12-month period suggested the 
diagnosis. 

Histologic evaluation in 2 patients showed Pneumo- 
cystis carinii pneumonia, medial hypertrophy of the 
small pulmonary arteries and arterioles without plexo- 
genic lesions, endarteritis obliterans, intimal fibrosis of 
the pulmonary veins and lymphohistiocytic infiltration 
of the interstitium associated with prominent interstitial 
fibrosis, thickened alveolar septa and “honeycombing.” 
One patient also had cytomegalovirus pneumonitis, tra- 
cheitis and right ventricular hypertrophy. 

It is unclear whether or not severe pulmonary hyper- 
tension and cor pulmonale in AIDS should be regarded as 
a distinct syndrome, since the etiologies of pulmonary 
vascular disease appear diverse. Left ventricular d ysfunc- 
tion, valvular disease and congenital heart disease were 
excluded by echocardiography and cardiac catheteriza- 
tion. Pulmonary vasculitis secondary to connective-tissue 
disease or drugs is unlikely in the absence of Raynaud’s 
phenomenon, arthritis, skin rash, eosinophilia and elevat- 
ed serum titers for antinuclear antigen. Necrotizing 
angiitis, talc granulomatosis and reactive pulmonary hy- 
- pertension are rare sequellae of intravenous drug abuse, 


most commonly associated with amphetamine or ritalin 


sit Pulmonary hypertension is present in many patients 
-with advanced chronic obstructive or interstitial lung dis- 
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tricuspid insufficiency velocity of nearly 4 m/s (arrow, lefð; right 


ease. Although pulmonary function testing demonstrated 
restrictive disease in 5 patients, the severe degree of pul- 
monary hypertension was out of proportion to the rela- 
tively mild restrictive defects (values for forced vital ca- 
pacities in the range of 70 to 90% of predicted). Intersti- 
tial lung disease was also noted radiographically in 3 
patients and pathologically in 2. Interstitial lung disease 
unrelated to Pneumocystis carinii pneumonia has been. 
reported by lung biopsy in patients infected with human 
immunodeficiency virus,® but has not been associated — 
with pulmonary hypertension or cor pulmonale. Cyto- 
megalovirus pneumonia may cause interstitial pneumo- 
nitis and fibrosis in compromised hosts.’ 

Pulmonary hypertension and elevated pulmonary vas- 
cular resistance have also been demonstrated in patients 
with severe acute respiratory failure due to bacterial or 
viral pneumonia.’ These hemodynamic abnormalities 
may persist after correction of systemic hypoxemia and 
acidemia. Although only 1 patient in this report devel- 
oped pulmonary hypertension in the setting of acute res- 
piratory failure, 2 patients had bacteremic pneumonias 
and nearly all had multiple pulmonary infections. The 
pathogenesis of several animal models of chronic pulmo- 
nary hypertension is based on the repeated induction of 
inflammation of the lungs caused by irritants, including: 
Escherichia coli endotoxin, thoracic irradiation and- 
monocrotaline oil.10 

Thromboembolic and primary pulmonary hyperten- - 
sion are other possible diagnoses in several ofour patients. 
Although only 1 patient had pleuritic Chest pain and 
documented thrombosis in the lower extremities, all pa- 
tients were chronically ill and frequently confined to bed- 
rest. Ventilation perfusion scans in 3 patients were abno 
mal, but showed matched defects. Selective pulmonar 
arteriography in | patient demonstrated abrupt te: 
tion of several segmental arteries without filling defec 





























menisci, consistent with chronic small peripheral pulmo- 
nary emboli. This patient was treated empirically with 
long-term oral anticoagulation. Pathologic evaluation did 
not reveal pulmonary emboli, plexogenic lesions or veno- 
occlusive disease in 2 other patients. Other evidence 
against veno-occlusive disease included the lack of Kerley 
B lines on chest radiographs, absence of regional differ- 
ences in pulmonary capillary wedge pressure and similar 
sizes of the pulmonary arteries and veins by computed 
tomography scan. 
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In Vivo Relation Between Cineangiographic Jet Width and Jet Width 


imaged by Color-Coded Doppler 


Scott E. Klewer, BS, Thomas R. Lloyd, MD, and Stanley J. Goldberg, MD 


easurement of jet velocity distal to a flow obstruc- 
tion permits estimation of pressure drop, and the 
resulting value can be used to assess the clinical impact of 
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a cardiac or great vessel lesion. Pressure drop, however, is 
flow dependent.! Valve area, which is computed using a 
flow term derived from catheterization! or ultrasonic 
data,” is probably more desirable information than pres- 
sure drop alone. Another approach to computation of 
valve area might be accurate measurement of jet area. 
Jets can be imaged by cineangiography and a somewhat 
similar display can be imaged by color-coded Doppler. 
With color-coded Doppler, a “jet” imaged distal to an 


FIGURE 1. Left, the cineangiographic frame showing the jet. Right, the corresponding color-coded Doppler image, which has 
been inverted to provide similar orientation to the cineangiogram. A 1-cm calibration is given for the cineangiographic image and 
1-cm markers are shown on the edge of the color Doppler sector. Width of the poststenotic jet is approximately twice as wide on 


the Doppler image compared with the cineangiographic image. 
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TABLE! Comparison of Jet Width: Cineangiographic Versus 
Doppler 


CC 
Doppler 


Location Mean 


At valve 
5mm 
10mm 


* p <0.008. 
CC = color-coded. 


obstruction is displayed as a mosaic or aliased pattern, 
which has some morphologic characteristics similar to 
those observed on a cineangiogram. 

The coefficient of discharge (also called the coeffi- 
cient of contraction and vena contracta) is the ratio of jet 
area to obstructive orifice area. Although the coefficient 
of discharge may assume a range of values, many circum- 
stances have a value approximating 0.7.! Because color- 
coded Doppler images a pattern distal to an obstruction 
that has morphologic characteristics similar to those of a 
jet, it would be very convenient if that pattern actually 
represented the jet. If this were true, measurement of this 
image and use of the ratio could approximate the area of 
the obstructive orifice. Yoganathan et al? reported that 
the color-coded image of an in vitro jet is an indirect 
indicator of orifice size, but that the jet, as imaged, is 
about 20% larger than the true jet. 

This study examines the in vivo relation between the 
flow disturbance imaged by color-coded Doppler and the 
jet width detected by cineangiography. If a relation could 
be established, Doppler jet width would be a diameter 
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FIGURE 2. Jet widths for each jet image. On the vertical axis 
is millimeters of imaged jet width. On the left horizontal axis 
is jet width imaged by cineangiography and on the right hori- 
zontal axis is jet width imaged by color-coded Doppler. Top, 
the width at the valve, middle the width at 5 mm distal to the 
valve and bottom at 10 mm distal to the valve. Because some 
jets struck the wall before 10 mm, not all data from all 
subjects are shown for 10 mm. 
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that could be converted to an area [area = (width/2)?- 7] 
and that area could be used to predict orifice area. Our 
hypothesis was that width (or area) of the in vivo Doppler 
jet will exceed width (or area) of the cineangiographic jet. 

The study population consisted of children who un- 
derwent catheterization for pulmonary valvuloplasty. 
Right ventricular cineangiograms were obtained for clin- 
ical reasons in the anteroposterior and lateral planes for 
each subject. Cineangiographic jet detection distal to the 
pulmonary valve was a requirement for entry into the 
study. Cine calibration was accomplished for each pa- 
tient in 1 of the 2 following ways: via a grid recorded at 
the cardiac level, or by known catheter diameter with the 
catheter positioned in the pulmonary artery. Cineangio- 
graphic jet widths were measured in early systole at the 
valve orifice and 5 and 10 mm distal to the valve. Each 
measurement was made in orthogonal planes (antero- 
posterior and lateral) and if measurements were differ- 
ent in the 2 planes, individual measurements were aver- 
aged. If the jet struck the arterial wall and dispersed at a 
distance <10 mm distal to the valve, only widths at the 
valve and 5 mm distal to the valve were measured. Jets 
occurring during ventricular premature complexes were 
not studied. 

Echocardiographic Doppler imaging was performed 
with a Hitachi CVC-151 from the parasternal short-axis 
plane using the highest frequency transducer, lowest gain 
and highest pulse repetition frequency commensurate 
with obtaining a satisfactory Doppler study.* These pre- 
cautions were used to attempt to image the narrowest jet 
width that could be recorded but did not eliminate alias- 
ing. Doppler jet width, usually displayed as a flow dis- 
turbance, was also measured in early systole for compar- 
ison with the cineangiogram. We defined it as the mosaic 


© ACTUAL LOCATION OF TARGET 
© MACHINE THINKS TARGET IS HERE 





FIGURE 3. The manner in which an ultrasound machine 
locates the target on the image screen is shown. The target is 
always located as though it were in the center of the beam, A. 
However, if the transducer is tilted somewhat so that the tar- 
get, shown as a stippled area, is approaching the edge of the 
beam, it will still be plotted as though it were in the center of 
the beam, B. C shows a still greater tilt in which only the edge 
of the target is struck by the beam, but the echograph still 
plots the target as though it were in the center of the beam. 
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or aliasing area that appeared just proximal to the valve 
and fanned distal to the valve. An effort was made to 
eliminate parajet eddies from the measurement. Width 
of the color-coded Doppler flow disturbance was mea- 
sured at the valve, 5 mm distal to the valve and, when 
possible, 10 mm distal to the valve. 

We studied 12 patients, ages 2 months to 16 years 
(mean 3.5 years). One patient was studied both before 
and after valvuloplasty; thus there was a total of 13 
measurements. All subjects had valvular pulmonary ste- 
nosis with an average pressure drop of 45mm Hg (range 
15 to 70). Jets were most clearly imaged in the lateral 
cineangiographic plane. Width measurement in the 
anteroposterior plane was identical to that in the lateral 
in 11 of 13 and averaged in 2 of 13. These data suggested 
that the width could usually be treated as a diameter. 
Paired data (cine jet widths and color-coded Doppler 
flow disturbance widths) were obtained for each subject. 

Figure 1 shows an example of a cineangiogram and 
the corresponding color-coded Doppler image. This par- 
ticular frame was selected for comparison because it 
showed the narrowest jet for this patient. Subsequent 
frames showed a wider jet and aliasing. The color-coded 
Doppler jet width is about twice the width of the cine- 
angiographic jet. 

Figure 2 shows the relation between cineangiographic 
jet widths and color-coded Doppler flow disturbance 
widths at the obstructing valve level and 5 and 10 mm 
distal to the valve. For each subject, at each level mea- 
sured, color-coded Doppler flow disturbance width was 
greater than the corresponding cineangiographic jet by 
approximately a factor of 2 (Table I). 

Our results demonstrate in vivo that color-coded 
Doppler overestimates the cineangiographic jet width in 
patients with pulmonary stenosis by a mean factor of 2. 
Cine jet widths proved to be diameters because measure- 
ments were usually identical in orthogonal planes. Our 
results are in concert with, but of greater magnitude than, 
the in vitro results of Krabill et al.5 

Doppler jet width is minimized by using the highest 
frequency transducer, highest pulse repetition frequency 
and lowest gain commensurate with an adequate exami- 
nation. An additional important factor that causes color- 
coded Doppler overestimation is transducer beam width, 


which is not infinitely narrow. Any detected velocity 
within the beam width is coded as though it were located 
at the beam’s centerline (Figure 3). Accordingly, the 
resulting color-coded Doppler image of a jet lesion that 
has any component of nonaxial imaging will always be 
registered as wider than the actual flow disturbance. An 
additional potential source for color-coded Doppler over- 
estimation is inclusion of parajet eddies as part of the 
Doppler-imaged jet. Parajet eddies are not necessarily 
separable from the jet by current color-coded Doppler 
technology. Further, the algorithm used for encoding dis- 
turbed velocities may have inherent error that may play a 
role in the overestimation. Jones et alô observed that 
different manufacturers’ systems produced different dis- 
plays of variance for a similar valvular lesion. Different 
algorithms could alter the overestimation factor. Overes- 
timation of jet width, however, is fundamental to color- 
coded Doppler technology and cannot be avoided entire- 
ly. Cineangiographic jet width also could be altered by 
certain factors such as arrhythmia or nonuniform con- 
trast mixing. 

In conclusion, the apparent jet diameter imaged by 
color-coded Doppler is misleadingly large, thus giving a 
false impression of the actual jet width. Although in com- 
mon usage, it is inaccurate to refer to the flow disturbance 
area visualized on color-coded Doppler as the jet. 


1. Gorlin R, Gorlin SG. Hydraulic formula for calculation of the area of stenotic 
mitral valve, other cardiac valves, and central circulation shunts, Am Heart J 
1951;41:1-29. 

2. Zoghbi WA, Farmer KL, Soto JG, Quinones MA. Accurate noninvasive 
quantification of stenotic aortic valve area by Doppler echocardiography. Circula- 
tion 1986;73:452-459. 

3. Yoganathan AP, Sahn DJ, Valdes-Cruz L, Sherman F, Swensson R. Accuracy 
of spatial jet mapping with a new color-coded flow mapping Doppler technique; 
comparison of ultrasound Doppler with laser Doppler in an in vitro model of valve 
stenosis (abstr). JACC 1985;5:453A. 

4. Stevenson JG. Two dimensional color Doppler estimation of the severity of 
atrioventricular valve regurgitation: important effects of instrument gain setting, 
pulse repetition frequency, and carrier frequency. J Am Soc Echocardiogr 
1989;2:1-10. 

5. Krabill KA, Tamura T, Sahn DJ, Yoganathan AP, Hoit B. The shape of 
regurgitant jets: in vitro flow visualization and color flow Doppler studies (abstr). 
JACC 1987,;9:110A. 
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CASE REPORTS 


Diagnostic Role of Intraoperative Epicardial 
Echocardiography Following Complications 
of Mitral Valve Replacement with the 
Bjork-Shiley Prosthetic Valve 


Minoru Tanaka, MD, Eiji Takeuchi, MD, Mitsuo Kawamura, MD, and 


Toshio Abe, MD 


here are 2 main causes of sudden 

unexpected heart failure imme- 
diately after mitral valve replace- 
ment with the Bjérk-Shiley prosthet- 
ic valve: mechanical malfunction of 
the prosthetic valve!* and myocar- 
dial dysfunction. 

It is necessary to differentiate the 
two because the required counter- 
measures differ greatly. Between 
March 1982 and December 1988, we 
performed intraoperative epicardial 
echocardiography to compare valvu- 
lar and myocardial function before 
and after cardiopulmonary bypass in 
272 patients. We describe here the 
first documented intraoperative use 
of epicardial echocardiography to 
differentiate myocardial from pros- 
thetic valvular dysfunction immedi- 
ately after weaning the patient from 
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FIGURE 1. M-mode 


valve. The duration of the opening is 
ventricular posterior wall. 






ams of the 
contraction of the left ventricle, and the opening (arrowhead) and 


cardiopulmonary bypass following 
mitral valve replacement with the 
Bjork-Shiley prosthetic valve. 

Using a commercially available 
imaging system (Toshiba SSH 114A, 
Toshiba SSH 60A), a gas-sterilized 
3.5-MHz transducer was placed di- 
rectly on the surface of the heart or 
great vessels. The examination was 
conducted by the surgeon in charge, 
assisted for proper imaging and in- 
terpretation by an experienced echo- 
cardiographer. 

CASE 1: A 40-year-old woman 
underwent mitral valve replacement 
1 year ago. She then had congestive 
heart failure due to paravalvular 
leakage of the prosthetic mitral 
valve and was admitted to the Na- 
goya University Hospital. In April 
1985, she received a second mitral 
valve replacement using the Bjork- 
Shiley 31MBRC with the aid of car- 
diopulmonary bypass. After satis- 
factory, regular heart pulsation was 
observed, the patient was weaned 
from the bypass to allow the beating 
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left ventricle (A) and prosthetic mitral valve 
closing (arrow) motions of the Bjork-Shiley prosthetic mitral 


heart to take over. However, upon 
discontinuance of bypass, the left 
atrial pressure increased and the 
systemic blood pressure plummeted. 
To determine the cause of her heart 
failure, we performed intraoperative 
epicardial echocardiography. 

M-mode echocardiogram of the 
left ventricle demonstrated that the 
systolic dimension of the left ventri- 
cle was 58 mm and the diastolic was 
62 mm; from this the ejection frac- 
tion was calculated to be 23% (Fig- 
ure 1A). The M-mode echocardio- 
gram of the prosthetic valve showed 
a remarkably shortened period of 
prosthetic valve opening, although 
the opening-closing cycle was ob- 
served at each beat of the heart (Fig- 
ure 1B). As a result, since the con- 
tractility of the left ventricle was un- 
satisfactory, cardiac output from the 
left ventricle was reduced, restricting 
blood flow from the left atrium to 
the left ventricle and causing a 
shorter duration of mitral valve 
opening. We concluded that the 
heart failure was not due to valvular 
dysfunction but rather to myocardi- 
al failure. Intraaortic balloon pump- 
ing was initiated to assist the circu- 
lation, so that cardiopulmonary by- 
pass could be discontinued. 

CASE 2: A 24-year-old woman 
with mitral regurgitation underwent 
mitral valve replacement with the 
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(B) in patient 1 show a diminished 


shortened. IVS = interventricular septum; LV = left ventricle; LVPW = left 
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Bjork-Shiley MBMS29 in May 
1986. The prosthetic valve was im- 
planted using felt-buttressed, hori- 
zontal mattress sutures. After eval- 
uating the free movement of the 
disc, cardiopulmonary bypass was 
stopped. Despite regular sinus 
rhythm suggesting good heart con- 
traction, remarkable heart dilata- 
tion and left atrial pressure increase 
were observed. Accordingly, we per- 
formed intraoperative epicardial 
echocardiography to investigate the 
cause. 

The 2-dimensional echocardio- 
gram in the short-axis view of the 
left ventricle revealed a difference in 
the cross-sectional area of the left 
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ventricular cavity in systole and 
diastole, indicating contraction and 
dilatation of the left ventricle. Fur- 
ther evidence was provided by M- 
mode echocardiography, which 
showed the evident motion of the left 
ventricle (Figure 2A). However, the 
2-dimensional echocardiogram in 
the long-axis view of the left ventri- 
cle showed that both the aortic and 
prosthetic mitral valves seemed to be 
fixed in the closed position during 
systole and diastole. M-mode echo- 
cardiograms confirmed the findings 
of 2-dimensional echocardiography 
(Figures 2B and C). 

Valvular dysfunction was diag- 
nosed and, after bypass was restart- 
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ed, the left atrium was reopened. A 
suture was found wedged between 
the disc and valve ring, locking the 
valve in the closed position. After the 
suture was removed, the disc moved 
freely, and since there was nothing to 
hinder disc motion, the end of the 
suture was tacked to the valve anu- 
lus, directed away from the valve or- 
ifice. Cardiopulmonary bypass was 
then discontinued without difficulty 
and the patient recovered without in- 
cident. Intraoperative echocardio- 
grams taken after discontinuation of 
bypass showed a normal opening 
and closing motion of the aortic and 
prosthetic mitral valves (Figure 3). 
Although it took 1 or 2 minutes to 
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FIGURE 2. M-mode echocardiograms in patient 2 with prosthetic mitral valvular dysfunction. The evident motion of the left ven- 
tricle is visible, while the dimension of the left ventricular cavity is small (A). Arrows at B and C show the mitral prosthetic and 
aortic valves, respectively, which remained closed throughout the whole cardiac cycle. Abbreviations as in Figure 1. 
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FIGURE 3. M-mode echocardiograms in patient 2 after repair of the prosthetic valvular malfunction. Movements of the mitral 
prosthetic valve (arrow in A) and the aortic valve (arrow in B) are now normal. AO = aorta; LA = left atrium. 
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CASE REPORTS 


diagnose the prosthetic valve mal- 
function, the patient’s postoperative 
course was uncomplicated due 
largely to a rapid and accurate diag- 
nosis. 

The use of intraoperative epicar- 
dial echocardiography permits the 
diagnosis of prosthetic mitral valve 
dysfunction on the basis of motion— 
or lack of motion—of the prosthetic 
valve disc. When echocardiography 
confirms that the disc is fixed in the 
open position, a valvular malfunction 
is possible. When the disc is in the 
closed position, a diagnosis of valvu- 
lar dysfunction should not be as- 
sumed. In cases with marked myo- 
cardial dysfunction only a small 
quantity of blood can be ejected dur- 
ing systole from the left ventricle. 
Two-dimensional echocardiograms 
may fail to catch the disc motion 
clearly, and may suggest that the 
valve is fixed in the closed position 
because of the short period of valvu- 
lar opening. However, the diagnosis 
may be made readily by interpreting 
the increased internal diameter of the 
left ventricle and the decreased left 





ventricular ejection fraction as signs 
of myocardial dysfunction. This 
results in the M-mode echocardio- 
gram, as seen in patient 1, showing 
the disc of the prosthetic mitral valve 
opening at each cardiac cycle, al- 
though the duration of the opening is 
very short. 

On the other hand, when a patient 
with good myocardial contractility 
develops a malfunction of the pros- 
thetic mitral valve with the disc fixed 
in the closed position, blood will be 
ejected from the left ventricle for a 
short time even after the disc is fixed, 
and the elimination of blood flow 
from the left atrium into the left ven- 
tricle will reduce the left ventricular 
volume and the closed position of the 
aortic valve. In the second case we 
could establish a diagnosis of pros- 
thetic valve dysfunction based on 
such echocardiographic findings; 
both the mitral prosthetic and aortic 
valves were fixed in the closed posi- 
tion throughout the entire cardiac 
cycle. 

The 2 patients described demon- 
strate that intraoperative epicardial 
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echocardiography is useful for evalu- 
ating dysfunctions of the prosthetic 
valve and myocardium while the pa- 
tient is still in the operating room and 
before the chest is closed. Recent 
trends include the intraoperative use 
of transesophageal echocardiogra- 
phy during surgery on the heart or 
great vessels.” However, we consider 
the epicardial method to be superior 
since it can be accomplished rapidly 
without the need to insert a transduc- 
er into the esophagus. 
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obstruction. J Thorac Cardiovasc Surg 1977;74: 
116-117. 

2. Starek PJK. Immobilization of disc heart valves 
by unraveled sutures. Ann Thorac Surg 1981 ;31:66- 
69 


3. Williams DB, Pluth JR, Orszulak TA. Extrinsic 
obstruction of the Bjérk-Shiley valve in the mitral 
position. Ann Thorac Surg 1981 ;32:58-62. 

4. Pai GP, Ellison RG, Rubin JW, Moore HV, Ka- 
math MV. Disc immobilization of Bjérk-Shiley and 
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valve replacement. Ann Thorac Surg 1987 ;44:73-76. 
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Yokote Y, Moyoyama T, Omoto R. Immediate and 
early postoperative evaluation of results of cardiac 
surgery by transesophageal 2-dimensional Doppler 
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Brief Summary 

Therapy BAYER® Aspirin 

Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help 
Reduce the Risk of Second MI or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

Although most of the studies used dosages exceeding 300 mg, two trials 
used only 300 mg daily, and pharmacologic data indicate that this dose 
inhibits platelet function fully. Therefore, 300 mg or a conventional 325 
mg aspirin dose daily is a reasonable routine dose that would minimize 
gastrointestinal adverse reactions. This use of aspirin applies to both solid 
oral dosage forms (buffered and plain aspirin) and buffered aspirin in 
solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 

In the AMIS trial, the dosage of 1,000 mg per day of aspirin was associ- 
ated with small increases in systolic blood pressure (BP) (average 1.5 to 
21 mm) and diastolic BP (0.5 to 0.6 mm), depending upon whether max- 
imal or last available readings were used. Blood urea nitrogen and uric 
acid levels were also increased but by less than 1.0 mg percent. Subjects 
with marked hypertension or renal insufficiency had been excluded from 
the trial so that the clinical importance of these observations for such 
subjects or for any subjects treated over more prolonged periods is not 
known. It is recommended that patients placed on long-term aspirin 
treatment, even at doses of 300 mg per day, be seen at regular intervals 
to assess changes in these measurements. 


BIOAVAILABILITY: 

The bioavailability of aspirin from Therapy BAYER has been confirmed. In 
a single-dose study’ in which plasma acetylsalicylic acid and salicylic 
acid levels were measured, measurable plasma concentrations were 
achieved within 15 minutes after dosing. Maximum concentrations were 
achieved at approximately five hours postdosing. Therapy BAYER, when 
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compared with plain aspirin, achieves maximum plasma salicylate levels 
not significantly different from plain, i.e., not enteric-coated, aspirin. 
Dissolution of the enteric coating occurs at a neutral-to-basic pH and is 
therefore dependent on gastric emptying into the duodenum. With con- 
tinued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number 
of endoscopic studies comparing enteric-coated aspirin and plain aspi- 
rin, as well as plain buffered and “arthritis strength” preparations. In these 
studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 
mg/day. Compared to all the other preparations, the enteric-coated aspi- 
rin produced significantly less damage to the gastric mucosa. There was 
also statistically less duodenal damage when compared with the plain, 
i.e., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused 
gastrointestinal symptoms and bleeding that, in some cases, were clin- 
ically significant. In the largest postinfarction study (the Aspirin Myocardial 
Infarction Study [AMIS] with 4,500 people),2 the percentage of inci- 
dences of gastrointestinal symptoms for the aspirin (1,000 mg of a stan- 
dard, solid-tablet formulation) and placebo-treated subjects, respectively, 
were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), nausea and/ 
or vomiting (76%, 21%), and hospitalization for GI disorder (4.9%, 3.5%). 
In the AMIS and other triais, aspirin-treated patients had increased rates 
of gross gastrointestinal bleeding. Symptoms and signs of gastrointes- 
tinal irritation were not significantly increased in subjects treated for 
unstable angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 
Occasional reports have documented individuals with impaired gastric 
emptying in whom there may be retention of one or more enteric-coated 
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aspirin caplets over time. This phenomenon may occur as a result of out- 
let obstruction from ulcer disease alone or combined with hypotonic gastric 
peristalsis. Because of the integrity of the enteric coating in an acidic 
environment, these caplets may accumulate and form a bezoar in the 
stomach. Individuals with this condition may present with complaints of 
early satiety or of vague upper abdominal distress. Diagnosis may be made 
by endoscopy or by abdominal films, which show opacities suggestive of 
a mass of small caplets.3 Management may vary according to the con- 
dition of the patient. Options include gastrotomy and alternating slightly 
basic and neutral lavage.4 While there have been no clinical reports, it 
has been suggested that such individuals may also be treated with par- 
enteral cimetidine (to reduce acid secretion) and then given sips of slightly 
basic liquids to effect gradual dissolution of the enteric coating. Prog- 
ress may be followed with plasma salicylate levels or via recognition of 
tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or com- 
plete gastrectomy may produce reduced amounts of acid and therefore have 
less acidic gastric pH. Under these circumstances, the benefits offered 
by the acid-resistant enteric coating may not exist. 
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Mitral Valve Replacement for Mitral Lipoma 
Associated with Severe Obesity 


Allen L. Dollar, MD, Robert B. Wallace, MD, Kenneth M. Kent, MD, 
Michael W. Burkhart, MD, and William C. Roberts, MD 


Ac tissue is present in every 
mammalian heart. Its amount 
tends to increase with age. The most 
common location of fat in the heart is 
the subepicardium, particularly in 
the areas of the epicardial coronary 
arteries. Sometimes the subepicar- 
dial fat is so extensive that none of 
the myocardium covering the cardiac 
ventricles is visible. Occasionally the 
subepicardial fat is so extensive that 
it causes the heart to float in water. ! 
Most patients with extensive subepi- 
cardial fat also have fat between 
clumps of myocardial cells in the 
right ventricular wall. Additionally, 
some patients have fat on the mural 
endocardium of right ventricle and, 
occasionally, left ventricle. Another 
common location of cardiac fat is the 
atrial septum. When fat deposits in 
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the most cephalad portion of the atri- 
al septum are large, the phrase “lipo- 
matous hypertrophy of the atrial sep- 
tum” has been applied. 

A rare location of cardiac fat is a 
cardiac valve. Although foam cells 
are commonly observed on the ven- 
tricular aspects of the mitral leaflets 
and on the aortic aspects of the aortic 
valve cusps, fatty tumorous deposits 
involving the mitral valve are ex- 
tremely rare and no reports have de- 
scribed such tumors on a semilunar 
valve. At least 2 patients have been 
reported to have “lipomas” on 1 or 
more tricuspid valve leaflets.” At 
least 3 patients with either “lipomas” 
or “fibrolipomas” involving the mi- 
tral valve have been described. All 
3 previously reported patients with 
mitral lipomas had mitral regurgita- 
tion and each had mitral valve re- 
placement. The present report de- 
scribes another patient with a mitral 
lipoma excised at operation and 
briefly summarizes previously re- 
ported cases. 

A 66-year-old obese (64 inches 
[163 cm] tall, 197 pounds [90 kg]) 
white woman, who had been well all 
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her life, sought medical care after 
having 4 months of dyspnea (with- 
out chest pain) on climbing stairs or 
walking briskly. A grade 3/6 precor- 
dial murmur consistent with mitral 
regurgitation was heard. An echo- 
cardiogram (Figure 1) showed a 2- 
cm echo-dense mass “attached” to 
the posterior mitral leaflet and a 
smaller mass attached to a chorda 
tendinea arising from the posterior 
leaflet. The anterior leaflet was nor- 
mal and both leaflets had good mo- 
bility. Mild mitral regurgitation was 
detected by pulsed Doppler exami- 
nation. The other 3 cardiac valves 
were normal as were all 4 cardiac 
chamber sizes. Left ventricular con- 
tractility was normal. Chest radio- 
graph (Figure 2) disclosed the cardi- 
ac silhouette to be enlarged and the 
subcutaneous tissues to be excessive. 
There were no symptoms or signs of 
infective endocarditis. At catheter- 
ization, the pressures (in mm Hg) 
were as follows: right atrial mean 9, 
A wave 15, V wave 12, right ventricle 
45/12, pulmonary artery 50/25, and 
systemic artery 120/60. The cardiac 
index was 2.0 liters/min/m?. Coro- 
nary angiograms showed normal 
epicardial coronary arteries. The 
systemic arterial saturation was 
88% and the blood hematocrit was 
33%. The mitral valve was excised 
and replaced with a Medtronic Hall 
prosthesis. 
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FIGURE 1. M-mode echocardiogram (Jeff) showing the mitral valve leaflets (which do not appear thickened) and echo densities 


intermittently seen in the mitral orifice. LV = left ventricular wall; VS = ventricular septum. Apical 4-chamber (with aorta) 
2-dimensional echocardiogram (right) showing a 2-cm echo-dense mass (longer arrows) attached to the posterior mitral leaflet 
and a smaller echo-dense mass (shorter arrows) associated with a chorda tendinea. LA = left atrial cavity; LV = left ventricular 
cavity; RA = right atrial cavity; RV = right ventricular cavity. 
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CASE REPORTS 


The posterior leaflet of the mi- 
tral valve (Figure 3) contained a lob- 
ular, yellow, firm mass measuring 
2.2 X 1.7 X 0.5 cm. A second smaller 
mass, similar in composition, sur- 
rounded a chorda tendinea arising 


from the posterior leaflet. The pos- 
terior mitral leaflet together with the 
attached tumor weighed 2.0 g, and 
both leaflets with their attached 
chordae weighed 2.7 g. The posterior 
leaflet also was focally thickened by 


fibrous tissue and had outpouchings 
or “hoods.” The anterior leaflet was 
normal. Microscopic examination of 
the mass (Figure 4) showed it to be a 
lipoma with well-differentiated adi- 
pose cells and a few fibrous septae. 


FIGURE 2. Chest x-ray showing an en- 
larged cardiac silhouette and markedly 
increased subcutaneous adipose tissue. 


FIGURE 3. The surgically excised mitral 
valve. The tumor is confined to the pos- 
terior leaflet and an associated chorda 
tendinea (arrows). The underlying poste- 
rior mitral leaflet is thickened by fibrous 
a tissue and contains out-pouchings or 
o— O “hoods.” The anterior (A) leaflet is nor- 
M iiin mal. a, ventricular aspect. b, atrial as- 
pect. c, close-up view of the atrial aspect 
of the posterior mitral leaflet and at- 
tached tumor. Small calcific deposits are 
present on the margins of the leaflet. 
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FIGURE 4. Photomicrographs of transverse sections of the tumor seen in 
cells. The lipoma is within the leaflet, not attached to its surface. a and b, 


Figure 3 showing a typical lipoma with mature adipose 
2 different histologic sections of the tumor. c, higher- 
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power magnification of the area in brackets shown in b. Hematoxylin and eosin stains; X 8 (a,b); X 32 (c). 


The fatty tumors involving the 
mitral valve in the aforementioned 
patient and in each of the 3 previous- 
ly reported patients were nonspecific 
echo-dense masses on echocardio- 
gram. In 2 previously reported pa- 
tients, a 12-year-old boy* and a 16- 
year-old girl,> the lipomas were limit- 
ed to posterior mitral leaflet and to 
the posteromedial papillary muscle. 
In a previously reported 54-year-old 
man,° the lipoma involved both mi- 
tral leaflets and adjacent left ventric- 
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ular myocardial wall. None of these 3 
patients was obese. The 2 younger 
patients were asymptomatic but had 
precordial murmurs. The man had a 
dizzy episode that led to cardiac eval- 
uation. Only 1 of the 3 previously 
reported patients had severe mitral 
regurgitation, and our patient had 
only mild regurgitation. In a previ- 
ously reported patient with a mitral 
lipoma, the fatty nature of the tumor 
was revealed by computed tomogra- 


phy.6 
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FROM THE EDITOR 


Living with a Congenitally Bicuspid Aortic Valve 


mer fellow of mine while spending time recently 

in an echocardiography laboratory had an esoph- 
ageal echocardiogram “to see what it was like”. To his 
surprise, the echocardiogram disclosed that he had a bi- 
cuspid aortic valve, which was noncalcified and compe- 
tent. He called to relay this news and we discussed how he 
might prevent complications from developing on the con- 
genitally malformed valve. I recommended the following: 

Avoid infection. Prophylactic antibiotics obviously 
are required during dental and other operative proce- 
dures. Sir William Osler was the one who pointed out in 
1885 the extreme propensity of the bicuspid aortic valve 
to be the site of infective endocarditis.'* Certainly one 
with a bicuspid aortic valve should not use illicit drugs 
intravenously. Opiate addicts with bicuspid aortic valves 
do not live long.*° 

Discontinue lifting weights. This type of exercise puts 
undue stress, i.e., pressure, although for short periods, on 
the aortic valve. 

Maintain a normal systemic blood pressure. Al- 
though the bicuspid aortic valve probably is not affected 
adversely by the left ventricular systolic pressure irrespec- 
tive of its level, the level of the valve’s closing pressure, 
i.e., the aortic diastolic pressure, probably plays a promi- 
nent role in determining whether the bicuspid valve be- 
comes stenotic, or purely regurgitant (without super- 
imposed infective endocarditis) or functions normally 
throughout life. 

Keep the heart rate relatively slow. It is reasonable to 
believe that if the aortic valve closes only 55 times a 
minute rather than 75 times a minute (a 27% heart rate 
reduction) that the wear and tear received by the aortic 
valve from the aorta’s closing pressure would be reduced. 
The best way to produce a relatively slow heart rate is by 
various aerobic exercises. Although the heart rate in- 
creases during the exercise, the total 24-hour heart beats 
probably would be reduced substantially. Beta-blocker 
therapy could be useful to achieve this objective. 

Keep the serum total cholesterol level relatively low. 
The major reason a bicuspid aortic valve becomes stenot- 
ic is because large calcific deposits develop on the aortic 
aspects of the cusps and the large deposits impart an 
immobility to the cusps which prevent their opening ade- 
quately during ventricular systole.!-3 Thus, prevention of 
calcific deposits is essential for prevention of stenosis. In 
older persons in the Western world it is common to devel- 
op calcific deposits on the aortic aspects of the aortic valve 
cusps, on the ventricular aspects of the posterior mitral 


A healthy, weight-lifting, athletic, 32-year-old for- 
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leaflet (mitral “anular” calcium), 
and in atherosclerotic plaques in 
the coronary arteries (as well as in 
plaques in other arteries). The de- 
velopment of calcific deposits on 
the aortic valve, mitral anulus and Ma 
coronary arteries with age occurs | 
only in those populations with se- 
rum total cholesterol levels >150 
mg/dl and usually in those persons 
with levels >200 mg/dl. Thus, 
maintaining a low serum total cho- 
lesterol level prevents calcific deposits on a normally 
formed aortic valve, and therefore it is reasonable to 
believe that maintaining a low level would have similar 
effect on a bicuspid aortic valve. Calcific deposits are 
never present on the aortic valve at birth; they are always 
acquired. Calcific deposits are less common on stenotic 
mitral valves (rheumatic origin) in persons residing in the 
undeveloped nations of the world (where the serum total 
cholesterol levels often are <150 mg/dl) than in persons 
in the Western World where these levels are usually 
>150 mg/dl. Thus, maintaining a relatively low serum 
total cholesterol level might deter calcific deposition on a 
bicuspid aortic valve, and if no calcium, no stenosis. Pre- 
venting calcific deposits, however, would not prevent the 
development of pure aortic regurgitation or infective en- 
docarditis.’* 

Try to forget that the aortic valve is bicuspid. As long 
as the bicuspid valve functions normally there is nothing 
to worry about, and no one can predict which bicuspid 
aortic valve will function normally for a full lifetime and 
which one will become stenotic, purely regurgitant (with- 
out superimposed infective endocarditis) or infected. In 
other words, the natural history of a congenitally bicuspid 
aortic valve is unknown. It appears that about 1% of live 
births have a congenitally bicuspid valve. If that be the 
case about 50 million (of 5 billion) persons on planet 
earth have a congenitally bicuspid aortic valve, and about 
2.5 million persons in the USA have a bicuspid aortic 
valve. What percentage of them in a lifetime will develop 
stenosis, pure regurgitation, infection, or no complica- 
tions is unknown. Thus, life must continue and the focus 
must be on things other than the bicuspid aortic valve. 
Even with the worst scenario, aortic valve replacement is 
usually highly successful. 

The echocardiogram will continue to detect abnor- 
malities in the heart that at the time cause no trouble. As 
a consequence, this instrument at times will produce wor- 
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The following is a brief summary only. Before prescribing. see 
complete prescribing information in Tenex product labeling. 


indications and Usage: Tenex (guanfacine hydrochionde) is indi- 
cated in the management of hypertension. Since dosing information 
(see Dosage and Administration) has been established in the 
presence of a thiazide-type diuretic, Tenex should, therefore, be used 
in patients who are already receiving a thiazide-type diuretic. 
Contraindications: Tenex is contraindicated in patients with known 
hypersensitivity to quanfacine hydrochloride. 

s: General. Like other antihypertensive agents. Tenex 
iguantacine hydrochloride) should be used with caution in patients 
with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal or hepatic failure. 

Sedation. Tanex, like other orally active central aipha-2 adrenergic 
agonists, causes sedation or drowsiness, especially when beginning 
therapy These symptoms are dose-related (see Adverse Reactions). 
When Tenex is used with other centrally active depressants (such as 
phenothiazines, barbiturates, or benzodiazepines), the potential tor 
additive sedative effects should be considered. 

Rebound. Abrupt cessation of therapy with orally active central 
aipha-2 adrenergic agonists may be associated with increases (from 
depressed on-therapy levels) in plasma and unnary catecholamines, 
symptoms at "nervousness and anxiety” and, less commonly, 
increases in blood pressure to levels significantly greater than those 
prior to therapy. 

information tor Patients, Patients who receive Tenex shouid be 
advised to exercise caution when operating dangerous machinery of 
driving motor vehicles unti H is determined that they do not become 
drowsy or dizzy from the medication. Patients should be warned that 
their tolerance for aicoho and other CNS depressants may be 
diminished. Patients should be advised not to discontinue therapy 
abruptly. 

Laboratory Tests. in clinical trials, no clinically relevar laboratory 
test abnormalities were identified as causally related to drug during 
short-term treatment with Tenex (guantacine hydrochlonde). 

Drug interactions. The potential for increased sedation when Tenex 
is given with other CNS-depressant drugs should be appreciated. 

The administration of quanfacine concamitantly with a known micro- 
somal enzyme inducer (phenobarbital or phenytoin) to two patients 
with renal impairment reportedly resulted in significant reductions in 
elimination half-life and plasma concentration. In such cases, there- 
fore, more frequent dosing may be required to achieve or maintain the 
desired hypotensive response. Further, if guanfacine is to be discon- 
tinued in such patients, careful tapering of the dosage may be 
necessary in order to avoid rebound phenomena {see Rebound 
above). 

Anticoagulants. Ten patients who were stabilized on oral anti- 
coagulants were given quantacine, 1-2 mg/day, for 4 weeks. No 
changes were observed in the degree of anticoagulation. 

in several well-contralied studies, quanfacine was administered 
together with diuretics with no drug interactions reported. in the long- 
term safety studies, Tenex was given concomitantly with many drugs 
without evidence of any interactions. The principal drugs given 
(number of patients in parentheses} were: cardiac glycosides (115), 
sedatives and hypnotics {103}, coronary vasodilators {52}, orai 
hypoglycemics (45), cough and coid preparations (45). NSAIDs (38). 
antihyperlipidemics (29), antigout drugs (24), oral contraceptives (18), 
bronchodilators (13), insulin (10), and beta blockers {10}. 

Drug/Laboratory Test interactions. No laboratory test abnormalities 
related to the use of Tenex (quanfacine hydrochioride) have been 
identified. 

Carcinogenesis, Mutagenesis, impairment of Fertility. No 
carcinogenic effect was observed in studies of 78 weeks im mice at 
doses more than 150 times the maximum recommended human dose 
and 102 weeks in rats at doses more than 100 times the maximum 
recommended human dose. in a variety of test models guantacine was 
not mutagenic. 

No adverse effects were observed in fertility studies in male and 
female rats. 

Pregnancy Category B. Administration of guantacine to rats at 70 
times the maximum recommended human dose and rabbits at 20 
times the maximum recommended human dose resulted in no 
evidence impaired fertility or harm to the fetus. Higher doses (100 and 
200 times the maximum recommended hurnan dose in rabbits and rats 
respectively) were associated with reduced fetal survival and maternal 
toxicity. Rat experiments nave shown that quanfacine crosses the 
placenta. 
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There are, however, no adequate and well-controlied studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Labor and Delivery. Tenex (quanfacine hydrochloride) is not recom- 
mended in the treatment of acute hypertension associated with toxe- 
mia of pregnancy. There is no information available on the effects of 
guanfacine on the course of labor and delivery. 

Nursing Mothers. it is not known whether Tenex (guanfacine hydro- 
chioride} is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when Tenex is admin- 
isterad to a nursing woman. Experiments with rats have shown that 
guanfacine is excreted in the milk. 

Pediatric Use. Safety and effectiveness in children under 12 years of 
age have not been demonstrated. Therefore, the use of Tenex in this 
age group is not recommended. 

Adverse A s: Adverse reactions noted with Tenex (guantacine 
hydrochioride) are similar to those of other drugs of the central a-2 
adrenoreceptor agonist class: dry mouth, sedation (somnolence), 
weakness (asthenia), dizziness, constipation, and impotence. While 
the reactions are common, most are mild and tend to disappear on 
continued dosing. 

Skin rash with exfoliation has been reported in a few cases, although 
clear cause and effect relationships fo Tenex could not be established, 
should a rash occur, Tenex should be discontinued and the patient 
monitored appropriately. 

in a 12-week placebo-contraiied, dose-response study the 
frequency of the most commonly observed adverse reactions showed 
a clear dose relationship from 0.5 to 3 mg, as follows: 










Adverse Assigned Treatment Group 
Placebo 68.5mg 10mg 28mg 3.8 mg 

Dry Mouth 5 (7%) 4 (5%) 6 (B%} (11%) 20 (28%) 
Somnolence 1 (1%) 3 (4%) O (0%) {1%) 10 (14%) 
Asthenia 0 (0%} 2 (38%) O (0%) } 7 (10%) 
Dizziness 2 (2%) 1 (1%) 3 (4%) 3 (4%) 
Headache 3 (4%) 4 (3% 3 (4%) 2 (2%} 
impotence 1 (9%) 1 {0%} O (0%) 3 (4%) 
Constipation 0 o {0%} 0 (0% t {1%} 
Fati 3 2 (3%) 2 { 3 (4%) 


There were 41 premature terminations because of adverse reactions 
in this study. The percent of patients who terminated and the dose at 
which they terminated were as follows: 





Dose: Placebo 05mg img 2my 3 mg 
Terminated: 6.9% 4 2% 3.2% 69% 83% 








Reasons for dropouts among patients who received guantacine 
were: somnolence, headache, weakness, dry mouth, dizziness, 
impotence, insomnia, constipation, syncope, urinary incontinence. 
conjunctivitis, paresthesia, and dermatitis. 

in a second placebo-controtied study in which the dose could be 
adjusted upward to 3 mg per day in 1-mg increments at 3-week inter- 
vais, į e., a setting more similar to ordinary clinical use. the most 
commonly recorded reactions were: dry mouth 47%, constipation 
16%, fatigue 12%, somnolence 10%, asthenia 6%, dizziness 6%, 
headache 4%, and insomnia 4%. 

Reasons for dropouts among patients who received quanfacine 
were: somnolence, dry mouth. dizziness, impotence, constipation, 
confusion. depression, and palpitations. 

in the clonidine/guanfacine comparison described in Clinical Phar- 
macology, the most common adverse reactions noted were: 


Guanfacine {n= 279) Clanidine {n = 278) 
Dry mouth 30% 37% 
Somnolence 2i% 35% 
Dizziness 11% 8% 
Constipation 19% 5% 
Fatigue J% 8% 
Headache 4% 4% 
Insomnia 4% 3% 


21,000 patients with mild to moderate hypertension. The physicians participating in this study were recruited 


by A.H. Robins’ representatives. Data on file. 


AH ROBINS 


Over 21,000 Patients 
Studied’ Confirm the 
Real-Life Benefits with 





(Guantfacine HCl) 


Tablets 


_ When more than a thiazide diuretic is needed 


Adverse reactions occurring in 3% or jess of patients in the three 
controled trials were: 


Cardiovascular—- bradycardia, palpitations, substernai pain 

Gastrantestinal-- abdominal pain, diarrhea, dyspepsia. 
dysphagia, nausea 

CNS. amnesia, confusion, depression, insomnia, 


libido decrease l 
rhinitis, taste perversion, Urmitus 
conjunctivitis, iritis, vision disturbance 


ENT disorgefs--- 
Eye disorders—- 


Musculoskeletai— teg cramps, hypokinesia 

Respiratory-- dyspnea 

Dermatotogic—- dermatitis, pruritus, purpura. sweating 
Urogenital— testicular disorder, urinary incontinence 
Other-— malaise, paresthesia. paresis 


Adverse reaction reports tend to decrease over time. in an oper- 
iabe! trial of one year’s duration. 580 hypertensive subjects were giver 
guantacine, titrated to achieve goal blood pressure, alone (61%), with 
diuretic (38%). with beta blocker {39%}, with diuretic plus beta blocker 
(6%). or with diuretic plus vasodilator (2%). The mean daily dase of 
guantacine reached was 4.7 mq. 





incidence of 

Adverse Reaction adverse reactions 

during the study at end of one year 
Ej 588 
Dry mouth 18% 
Drowsiness 6% 
Dizziness 1% 
Constipation 3% 
Weakness 1% 
Headache 0.2% 
insomnia 9% 








There were 52 (8.9%) dropouts due to adverse effects in this 1-year 
trial. The causes were: dry mouth {n = 20}, weakness (n = 12), 
constipation {n= 7}, somnolence (n = 3}, nausea (n = 3), orthostatic 
hypotension {n = 2}, insomnia (n= 1). rash (n= 1}, nightmares (n = 1), 
headache {n = 1}. and depression {n = 1}. 

Postmarketing Experience. An open label postrnarketing study 
involving 21.718 patients was conducted to assess the safety and effi- 
cacy of Tenex (guanfacine hydrochloride) when administered with or 
without other antihypertensive agents. The most commonly reported 
adverse events in this study were the same as those observed in 
comrolied clinical trials. Adverse events reported in the postmarketincg 
study at an incidence greater than 1% included: dry mouth (6.1%), 
dizziness (2.8%), somnolence (2 6%). fatique (2.5%), headache 
(4.8%), and nausea (4.2%). 

Less frequent. possibly Tenex-reiated events observed in the post- 
marketing study and/or reported spontaneously include: 


BODY AS A WHOLE: asthenia, chest pain, edema, mattise, 


Hert 


CARDIOVASCULAR: bradycardia. palpitations, syncope. 
tachycardia 

CENTRAL NERVOUS SYSTEM: aipe vertigo 

EYE DISORDERS: tured vision, 

GASTROINTESTINAL SYSTEM. abdominal pain. constipation. diarrhea. 
dyspepsia 


abnormal fiver function tests _ 

MUSCULO-SKELETAL SYSTEM: arthralgia, teg cramps, leg pain. myaigi 

PSYCHIATRIC: agtaton, anxiety, contusion, depressor 
insomnia, NEFVOUSNESS 

REPRODUCTIVE SYSTEM, MALE: impotence. 

RESPIRATORY SYSTEM: dyspnea g 7 

SKIN AND APPENDAGES. alopecia, dermatitis, extotiative 


wmatis. pruntus, rash 
SPECIAL SENSES: 


alterations in taste 
URINARY SYSTEM nocluna, urinary frequency 


LIVER AND BILIARY SYSTEM. 


Rare, serious disorders with no definitive cause and effect relationshy 
to Tenex have been reported spontaneously and/or in the post- 
marketing study. These events include acute renal failure, cardiac 
fibrillation, cerebrovascular accident, congestive heart fature, heart 
block, and myocardial infarction. 

Drug Abuse and : No reported abuse or dependence ha: 
been associated with the administration of Tenex (quanfacine 
hydrochionde). 
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“...the book can be read from both a generalist’s and specialist’s perspective 
...to convey ‘what really matters’ to a practicing physician. . . (who 
manages) everyday problems seen in clinical practice.” 

— Annals of Internal Medicine 


When confronted with an unclear medical situation, you actually look up the 
presenting disease or problem of immediate concern. Covering both general and 
internal medicine, this is a truly useful desk reference, designed to be 
used frequently. 

1988 1857 pp. $95.00 409-95176-5 
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SCOTT & WHITE 
Cardiologist 


Scott and White Clinic is seeking a board certified/eligible car- 
diologist to join our multi-specialty clinic in College Station. 
Prefer angeographic skills. College Station is the location of 
Texas A&M University and is an attractive town of 100,000 
about one and a half hours west of Houston. Contact: 


Dr. David Hackethorn 
Medical Director 
Scott & White Clinic, College Station 
1600 University Drive East 
College Station, Texas 77840 


or call (409) 268-3300 for more information. 
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IMAGE 
QUALITY 
THAT 
PASSES 
EVERY 
TEST 


I.Q. is image 
quality. Whether 
it’s 2-D, Doppler, 
or color flow 
imaging, you 
get the clarity, 
sharpness, and 
precision for 
the diagnostic 
confidence you 
need. But I.Q. is 
much more. It’s 
also the system 
reliability and 
upgradability 
that protects 
your investment, 
along with HP’s 
unmatched 
service, support, 
and training. 





Phased Array Ultrasound Imaging 





Great image quality no matter 
how you see it. 


Transesophageal 
Echocardiography (TEE) 
for cardiologists and 
cardiac surgeons. 


It’s from Hewlett-Packard. The 
acknowledged leader in transe- 
sophageal echocardiography. 
And it adds a whole new dimen- 
sion to your diagnostic picture. 
To begin with, TEE gives you 

a different perspective: a pos- 
terior approach—for an unob- 
structed window to the heart. 
Now you can perform diagnos- 
tic ultrasound on patients for 
whom successful precordial 
imaging was previously not 
possible. As a result, TEE has 
also become the method of 
choice for successfully evaluat- 
ing prosthetic valve function. 


At HP, we know how impor- 
tant the immediacy of informa- 
tion is. Especially in the OR. 
That’s why the real-time imag- 
ing that TEE provides is so 
valuable. You get brilliantly 
clear, high-resolution, real-time 
cardiac imaging during surgery. 
That means no delay in the 
surgical procedure and no in- 
vasion of the sterile field. TEE 
is ideal for intraoperatively 


assessing—before sternal closure 


—valvuloplasties/replacements 


and septal or aneurysmal repairs. 


The HP SONOS TEE Color 
Flow System with its 5 MHz, 


64-element phased array trans- 
esophageal transducer delivers 
clearly superior image quality. 
If your hospital already has an 
HP phased-array imaging sys- 
tem, it can be easily upgraded 
to include TEE. 


Put our I.Q. to the test. 

No matter how you look at it— 
whether it’s 2-D, Doppler, or 
color flow imaging—you’ll like 
what you see. For more informa- 
tion about the TEE Color Flow 
System, or to have a Hewlett- 
Packard representative contact 
you, call 1-800-637-3747 (In MA, 
1-508-687-1501, ext. 2475). 





HEWLETT 
PACKARD 





L? 








a Change of Address? 
Please call us 6-8 weeks in advance if you 
are moving. 
m Questions or Problems? 

Are you encountering any problems with 
your subscription? Need single copies or 





additional subscriptions? Call us toll free. 
a Gift Giving? 
The journal makes a useful, timely gift to colleagues. Simply call 
to place your orders. 


(call toll free) 1 -800-32 7-902 1 7 





Southern California Permanente Medical 
Group. We are a well-established, prepaid 
health care program. Our multispecialty 
group practice is a partnership composed 
of and managed by SCPMG physicians. 


Opportunities are available for board eligi- 
ble/certified Cardiologists at the Kaiser 
Permanente Medical Center located in 
Orange County. 


Our compensation is competitive and 
benefits are outstanding. They include: 








professional liability, medical and dental 
coverage, vacation and sick leave, continu- 
ing education, life insurance and retire- 
ment plans. After two years full-time 
employment, physicians are eligible to 
be considered for partnership. 


For a physician application, please call 
(800) 328-5278. If calling from outside of 
California, please call (800) 541-7946 or 
send your curriculum vitae to: Physician 
Recruitment, Dept. 003, Walnut Center, 
Pasadena, CA 91188-8013. 


Equal Opportunity Employer M/F/H 
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serum amiodarone and desethylamiodarone 

= concentrations; 1138 
Bundle branch block 

Characteristics associated with early (A3 
months) versus late (>3 months to A3 
years) mortality after acute myocardial 
infarction; 315 

Calcific aortic stenosis 

Ultrasonic debridement of the aortic valve with 

six-month echocardiographic follow-up; 1206 
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ac angiography 
toxicity of nonionic contrast media after 
rdiac angiography; 815 
ac arrest 
ravenous amiodarone for the rapid treatment 
of life-threatening ventricular arrhythmias in 
critically ill patients with coronary artery 
= disease; 599 
Reemployment following implantation of the 
automatic cardioverter defibrillator, 199 
Cardiac arrhythmias 
ing increase.in the time of onset of 
Stained ventricular tachycardia; 1204 
inscoronary techniques and cardiac 
arrhythmias; 534 
Cardiac Arrhythmia Suppression 
Trial, the 
a Lessons to be learned from the Cardiac 
5 Arrhythmia Suppression Trial; 1189 
Cardiac catheter 
The cardiac catheter: past, present and future; 
: 1034 
Cardiac catheterization 
Effect of selective intracoronary antiarrhythmic 
„drug-administration in sustained ventricular 
- tachycardia; 475 
sd he cardiac catheter: past, present and future; 
GIA 
; Cardiac disease in opiate addicts 
_ Modes of death and types of cardiac diseases in 
< Opiate addicts: analysis of 168 necropsy 
cases; 909 
Cardiac masses 
< Natural course of atrial septal aneurysm in 
children and the potential for spontaneous 
«Closure of associated septal defect; 998 
Cardiac output 
Effect of tricuspid regurgitation on the 
> -Feltability of the thermodilution cardiac 
<- Qutput technique in congestive heart failure; 
945 
a P emodynamit changes during sickle cell crisis; 
1211 
k Limitations of the metabolic rate meter for 
ee - Measuring oxygen consumption and cardiac 
output; 783 
diac output measurement 
oninvasive measurement of cardiac output 
> during surgery using a new continuous-wave 
- Doppler esophageal probe; 793 
Cardiac pacing, artificial 
| ~ Prognostic value of atrial pacing and thallium- 
“201 scintigraphy i in patients with stable 
-chest pain; 987 
Cardiac parasympathetic activity 
ra of time- and frequency domain- 
_ based measures of cardiac parasympathetic 
| re -activity in Holter recordings after myocardial 
infarction; 536 
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high resistance training in coronary 
disease; 866 
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Cardiac tamponade 
Use of venous contrast echocardiography for 
diagnosis of cardiac tamponade; 691] 
Cardiac transplant 
Acute myocardial infarction in cardiac 
transplant recipients; 1093 
An echocardiographic and anatomic description 
of the donor-recipient atrial anastomosis 
after orthotopic cardiac transplantation: 109 
Association of coronary artery disease in 
cardiac transplant recipients with 
cytomegalovirus infection; 359 
Exercise capacity during the first year after 
cardiac transplantation; 642 
Influence of beta blockade on exercise capacity 
and heart rate response after human 
orthotopic and heterotopic cardiac 
transplantation; 636 
Lovastatin therapy for hypercholesterolemia in 
cardiac transpiant recipients; 631 
Myocardial carnitine in end-stage congestive 
heart failure: 56 
Cardiogenic shock 
Emergency percutaneous cardiopulmonary 
bypass support in cardiogenic shock from 
acute myocardial infarction; 967 
Cardiology 
Univariate genetic analysis of blood pressure in 
children (The Medical College of Virginia 
Twin Study); 1333 
Cardiology meetings 
Providing heart-healthy alternatives at 
cardiology meetings: grilled salmon or beef 
tenderloin? 111 
Cardiomegaly, massive 
Hypertrophic cardiomyopathy as a cause of 
massive cardiomegaly (> 1,000 g); 1209 
Cardiomyopathy 
See also Hypertrophic cardiomyopathy 
Ability of left ventricular stress-shortening 
relations, end-systolic stress/volume ratio 
and indirect indexes to detect severe 
contractile failure in ischemic or idiopathic 
dilated cardiomyopathy; 1338 
Correlation between histomorphometric findings 
on endomyocardial biopsy and clinical 
findings in idiopathic dilated 
cardiomyopathy; 504 
Histopathologic and electrophysiologic 
correlations in idiopathic dilated 
cardiomyopathy and sustained ventricular 
tachyarrhythmia; 1063 
importance of the left ventricular filling 
pressure on diastolic filling in idiopathic 
dilated cardiomyopathy: 61 
The morphologic spectrum of dilated 
cardiomyopathy and its relation to immune- 
response genes; 993 
Cardiopulmonary bypass 
Emergency percutaneous cardiopulmonary 
bypass support in cardiogenic shock from 
acute myocardial infarction: 967 
Cardiopulmonary bypass support 
Percutaneous cardiopulmonary bypass support 
in high-risk patients undergoing 
percutaneous transluminal coronary 
angioplasty; 1258 
Cardiovascular screening 
Preparticipation echocardiographic screening 
for cardiovascular disease in a large, 
predominantly black population of collegiate 
athletes; 1029 : 


Cardioversion 
Immediate improvement in left v ven 
function after cardioversion of atrii 
1043 
Carnitine : 
Myocardial carnitine in end-stage conge 
heart failure; 56 
Carotene 
Changes in plasma vitamin levels in ath 
hours after onset of acute myocard 
infarction; 971 
Catecholamines C 
Effect of exercise training in 60- to 69 
persons with essential hypertension 
Effects of low altitude exposure on i 
blood pressure and adrenergic ac 
Nonsustained ventricular tachyca 
from the right ventricular outflov 
Catheterization complicati: 
Early hospital discharge afte 
transluminal coronary ; 
Catheters, angiographi: 
Fidelity of micromanometer pr BSSUT 
transduction in closed-end. angiogray 
catheters; 1213 
Cerebral arteriovenous 
Two-dimensional echocardiography and Dopple 
findings in cerebral arteriovenous. : 
malformation; 252 


Macroreentrant ventricular tachycardia and 
coronary artery disease in cerebrotendinous 
xanthomatosis; 680 

Children 

Atenolol in children with supraventricular 
tachycardia; 233 

Intermediate-term follow-up results of balloon 
aortic valvuloplasty in infants and children | 
with special reference to causes of 
restenosis; 1356 

Percutaneous catheter closure of the ductus 
arteriosus in children and young adults: 218 

Chronic obstructive pulmonary 
disease 

Doppler echocardiography and ultrafast cine 
computed tomography during dynamic 
exercise in chronic parenchymal pulmonary 
disease; 528 

Reduced exercise capacity of chronic 
obstructive pulmonary disease patients 
exercising with noseclip/mouthpiece; 1180 

Chronic total coronary occlusion 

Percutaneous coronary laser angioplasty using 


chronic total occlusions; 940 

Restenosis after excellent angiographic 
angioplasty result for chronic total coronary 
artery occlusion—implications for newer 


Chronobiology 
Usefulness of twenty-four- hour blood pressure 
patterns and response to short-term sodium 
restriction in normotensive subjects in 
detecting a predisposition to systemic 
arterial hypertension; 604 
Cineangiography 
in vivo relation between cineangiographic jet = 
width and jet width imaged by color-coded. = 
Doppler; 1399 oe 
Circadian variation 
Influence of beta-adrenergic blockade defied ne 
by time series analysis on circadian variation ie 
of heart rate and | ambulatory ym 
ischemia, eae 
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| Congestive heart failure . Percutaneous cardiopul monary bypas 
‘Acute hemodynamic effects of adibendan, a new in high-risk patients undergoing = 
congestive heart failure; 542 phosphodiesterase inhibitor, for severe percutaneous transluminal coronary — 
ee Circumflex coronary artery congestive heart failure; 390 angioplasty, 1258 l 
~ Left ventricular dysfunction in acute myocardial A new Doppler method of assessing left Predictors of success in percutaneous i 
infarction due to isolated left circumflex ventricular ejection force in chronic transluminal coronary angioplasty of aon 
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l coronary artery stenosis; 440 congestive heart failure; 81 total occlusions; 1264 
Clinical epidemiology Attenuation of the pressor response to Restenosis after excellent angiographic oh 
A brief self-administered questionnaire to intravenous furosemide by angiotensin angioplasty result for chronic total coronary A 
determine functional capacity (The Duke converting enzyme inhibition in congestive artery occlusion—implications for newer = ~ 
Activity Status Index); 651 heart failure; 1382 percutaneous revascularization devices, 667 a 
Clinical trials Changes in dyspnea-fatigue ratings as indicators Coronary anomalies fo 
Hemodynamic effects of high dose naloxone in of quality of life in the treatment of Retroaortic epicardial course of the left E 
congestive heart failure; 542 congestive heart failure; 50 circumflex coronary artery and anteroaortic - a 
Collateral flow Decreased spontaneous heart rate variability in intramyocardial (ventricular septum) course a 
Quantitative assessment of coronary arterial congestive heart failure; 1162 of the left anterior descending coronary: => 
diameter before and after coronary artery Effect of milrinone on steady-state digoxin artery: an unusual coronary anomaly and: a a 
bypass grafting; 261 levels in congestive heart failure; 1057 proposed classification based on the number i 
Color-coded Doppler Effect of tricuspid regurgitation on the of coronary ostia in the aorta; 828° me 
In vivo relation between cineangiographic jet reliability of the thermodilution cardiac Coronary arterial fistula a 
width and jet width imaged by color- coded output technique in congestive heart failure; Evaluation of coronary arterial fistula by color. a 
=- Doppler; 1399 945 coded Doppler echocardiography; 689 <. 
“Color Doppler echocardiography Hemodynamic effects of high dose naloxone in Coronary arteries : 
A quantitative comparison of transesophageal congestive heart failure; 542 Atherectomy of the left main coronary artery. 
and epicardial color Doppler Long-term predictors of sudden and low output with percutaneous cardiopulmonary bypass 
echocardiography in the intraoperative death in chronic congestive heart failure support; 114 | | 
assessment of mitral regurgitation; 1168 secondary to coronary artery disease; 1343 Coronary artery thermal damage during 
Detection of diastolic atrioventricular valvular Myocardial carnitine in end-stage congestive percutaneous “hot tip” taser- assisted 
regurgitation by “M-mode” color Doppler heart failure; 56 angioplasty; 116 : 
_ echocardiography; 809 Continous wave Doppler in vivo assessment of a digital angiographic: 
Frequence and significance of aortic valve Noninvasive measurement of cardiac output method to measure absolute coronary artery 
thickening in older asymptomatic patients during surgery using a new continuous-wave diameters; 131 
and its relation to aortic regurgitation; 1061 Doppler esophageal probe, 793 Left main coronary angioplasty: early and late 
Improved sensitivity of color Doppler by SH U Contractility results of 127 acute and elective procedures; 
454; 374 l Ability of left ventricular stress-shortening 144 
Color Doppler flow imaging relations, end-systolic stress/volume ratio Coronary arteriogram 
Assessment by Doppler color flow mapping of and indirect indexes to detect severe Soft-tipped coronary artery catheters dice. the 
ventricular septal defect after acute contractile failure in ischemic. or idiopathic frequency of coronary artery dissection; 
myocardial infarction; 668 dilated cardiomyopathy; 1338 1199 
Color flow Doppler evaluation of cardiac Contrast agent nephrotoxicity. Coronary artery 
bioprosthetic valves; 1389 Nephrotoxicity of a nonionic (iopamidol) versus Soft-tipped coronary artery catheters reduce the 
Color flow Doppler evaluation of St. Jude an ionic (diatrizoate) contrast agent in the frequency of coronary artery dissection; 
Medical prosthetic valves; 1387 patient after cardiac transplant with 1199 
Usefulness of color Doppler flow imaging to moderate cyclosporine-induced renal Coronary artery bypass grafting 
distinguish ventricular septal defect from insufficiency; 405- Comparison of exercise test responses before 
acute mitral regurgitation complicating acute Contrast nephropathy and after either percutaneous transluminal 
= myocardial infarction; 697 Nephrotoxicity of nonionic contrast media after coronary angioplasty or coronary artery 
< Commissurotomy cardiac angiography; 815 | bypass grafting; 1039 
Successful percutaneous transvenous catheter Corneal microdeposits Upright bicycle exercise echocardiography after. 
balloon mitral commissurotomy after Correlation of amiodarone dosage, heart rate, coronary artery bypass grafting; 1123. 
warfarin therapy and resolution of left atrial QT interval and corneal microdeposits with Coronary artery disease - 
oo thrombus; 126 serum amiodarone and desethylamiodarone A physiologically based model of creatine io 
- = Complications concentrations; 1138 kinase-MB release in reperfusion of acute 7 
=- Predictors of success in percutaneous Coronary angiography myocardial infarction; 11 : 
transluminal coronary angioplasty of chronic Use of technetium-99m isonitrile (RP-30A) in Association of coronary artery disease in- 
~~ total occlusions; 1264 assessing left ventricular perfusion and cardiac transplant recipients with 
pa Computerized measurement function at rest and during exercise in cytomegalovirus infection; 359 
2 - C'omputer-based implementation of the ST- coronary artery disease, and comparison Comparative evaluation of coronary stenoses 
Seat ~-segment/heart rate slope; 926 with coronary arteriography and exercise using fluid dynamic equations and standar yi 
es Cone uction system disease thallium-201 SPECT imaging; 270 quantitative coronary arteriography; 6 =o 
< Sign.‘cance of positive or negative thallium-201 Coronary angioplasty Comparison of three Bayesian methods to. 
| scintigraphy in hypertrophic Comparison by quantitative angiographic estimate posttest probability in: patients a 
a cardiomyopathy; 498 assessment of coronary stenoses of one view undergoing exercise stress testing; 1117. 
oo Congenital atrioventricular block _ showing the severest narrowing to two Coronary artery disease in patients 35 years. Bt: 
>. Cardiorespiratory response to exercise in orthogonal views, 462 age or older with valvular aortic. stenosis, | 
congenital complete atrioventricular block; Early hospital discharge after percutaneous 811 ue. 
a, ae transluminal coronary angioplasty, 1270 Coronary risk associated with. age and sex of” 
5 Congenital heart disease Effect of intravenous diltiazem on myocardial parental neat disease: in. the Framingham.. 
Application. of flow measurements by magnetic ischemia occurring during percutaneous meet 595 ae og 
Tesonante velocity mapping to congenita! transluminal coronary angioplasty; 1103 int 
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Frequency of symptoms suggestive of dynamic 
coronary artery disease in patients referred 
for coronary angiography; 1374 

International application of a new probability 
algorithm for the diagnosis of coronary 
artery disease; 304 

In vivo assessment of a digital angiographic 
method to measure absolute coronary artery 
diameters; 131 

Left main coronary angioplasty: early and late 
results of 127 acute and elective procedures; 
144 

Magnum wire for balloon recanalization of 
chronic total coronary occlusions; 148 

Nuclear magnetic resonance imaging of acute 
myocardial infarction within 24 hours of 
chest pain onset; 172 

Positron emission tomography using fluorine-18 
deoxyglucose in evaluation of coronary artery 
bypass grafting: 860 

Prognosis after acute myocardial infarction in 
patients with and without residual 
anterograde coronary blood flow; 155 

Prognostic significance of silent myocardial 
ischemia detected by early treadmill exercise 
after coronary angioplasty; 1 

Prognostic value of atrial pacing and thallium- 
201 scintigraphy in patients with stable 
chest pain; 987 

Usefulness of oral dipyridamole digital 
echocardiography for detecting coronary 
artery disease; 385 

Usefulness of percutaneous transluminal 
coronary angioplasty in alleviating silent 
myocardial ischemia in patients with absent 
Or minimal painful myocardial ischemia; 560 

Coronary artery fistula 
Acquired coronary artery-left ventricular 
pseudoaneurysm fistula after myocardial 
infarction; 824 
Coronary artery morphology 
Angiographic characteristics of the infatct- 
related coronary artery in patients with 
angina pectoris after myocardial infarction; 
257 
Coronary atherosclerosis 
Qualitative and quantitative comparison of 
amounts of narrowing by atherosclerotic 
plaques in the major epicardial coronary 
arteries at necropsy in sudden coronary 
death, transmural acute myocardial 
infarction, transmural healed myocardial 
infarction and unstable angina pectoris; 324 
Coronary blood flow 

Hemodynamic and echocardiographic 
assessment of the effects of diltiazem during 
transient occlusion of the left anterior 
descending coronary artery during 
percutaneous transluminal coronary 
angioplasty; 849 

Coronary bypass grafting 

Positron emission tomography using fluorine-18 
deoxyglucose in evaluation of coronary artery 
bypass grafting: 860 

Quantitative assessment of coronary arterial 
diameter before and after coronary artery 
bypass grafting; 261 

Coronary care 

Risk of adverse outcome in patients admitted to 
the coronary care unit with suspected 
unstable angina pectoris; 845 

Coronary catheter 

Soft-tipped coronary artery catheters reduce the 
frequency of coronary artery dissection; 
1199 


Coronary catheterization 
Transcoronary techniques and cardiac 
arrhythmias; 534 
Coronary disease 
Type A behavior and survival: a follow-up study 
of 1,467 patients with coronary artery 
disease; 427 
Coronary dissection 
Early hospital discharge after percutaneous 
transluminal coronary angioplasty; 1270 
Soft-tipped coronary artery catheters reduce the 
frequency of coronary artery dissection; 
1199 
Coronary events, prediction of 
Limitations of a conventional logistic regression 
model based on left ventricular ejection 
fraction in predicting coronary events after 
myocardial infarction; 702 
Coronary excimer laser 
angioplasty 
Initial angiographic results in ablation of 
atherosclerotic plaque by percutaneous 
coronary excimer laser angioplasty without 
subsequent balloon dilatation; 1253 
Coronary flow reserve 
Maximal coronary vasodilator capacity of 
orthotopic heart transplants in patients with 
and without rejection; 513 
Coronary recanalization 
Effect of combined administration of saruplase 
and single-chain alteplase on coronary 
recanalization in acute myocardial infarction; 


Coronary resistance reserve 
Maximal coronary vasodilator capacity of 
orthotopic heart transplants in patients with 
and without rejection; 513 
Coronary risk factors 
Comparison of nifedipine, propranolol and 
isosorbide dinitrate on angiographic 
progression and regression of coronary 
arterial narrowings in angina pectoris; 433 
Coronary sinus blood flow 
Maximal coronary vasodilator capacity of 
orthotopic heart transplants in patients with 
and without rejection; 513 
Coronary stenosis 
Comparison by quantitative angiographic 
assessment of coronary stenoses of one view 
showing the severest narrowing to two 
orthogonal views; 462 
Cor pulmonale 
Severe pulmonary hypertension and cor 
pulmonale in the acquired immunodeficiency 
syndrome; 1396 
Creatine kinase 
A physiologically based model of creatine 
kinase-MB release in reperfusion of acute 
myocardial infarction; 11 
Characteristics associated with early (A3 
months) versus late (>3 months to A3 
years) mortality after acute myocardial 
infarction; 315 
Cutoff ratio 
Differential sensitivity of the RVg:RV; voltage 
ratio by pathogenesis of left ventricular 
hypertrophy and diagnostic cutpoint; 817 
Cyclosporine-induced 
hypertension 
Response to dynamic exercise of the 
orthotopically transplanted human heart in 
men immunosuppressed with cyclosporine; 
401 
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Cytomegalovirus infection 
Association of coronary artery disease in 
cardiac transplant recipients with 
cytomegalovirus infection; 359 
Defibrillators 
Reemployment following implantation of the 
automatic cardioverter defibrillator; 199 
Desethylamiodarone 
Correlation of amiodarone dosage, heart rate, 
QT interval and corneal microdeposits with 
serum amiodarone and desethylamiodarone 
concentrations; 1138 
Diabetes mellitus 
Left ventricular diastolic dysfunction evaluated 
by Doppler echocardiography in patients 
with diabetes mellitus; 1037 
Predictive value of quantitative dipyridamole- 
thallium scintigraphy in assessing 
cardiovascular risk after vascular surgery in 
diabetes mellitus; 1275 
Diabetic cardiomyopathy 
Prevalence and signficance of left ventricular 
filling abnormalities determined by Doppler 
echocardiography in young type | (insulin- 
dependent) diabetic patients; 1010 
Diagnosis 
A new epidemiologic classification system for 
interim myocardial infarction from serial 
electrocardiographic changes; 454 
Early image acquisition after administration of 
indium-111 platelets in clinically suspected 
deep venous thrombosis; 363 
Diastole 
Mechanism of altered pattern of left ventricular 
filling with aging in subjects without cardiac 
disease; 523 
Diastolic function 
Importance of overweight in studies of left 
ventricular hypertrophy and diastolic 
function in mild systemic hypertension; 752 
Diastolic mitral regurgitation 
Detection of diastolic atrioventricular valvular 
regurgitation by “M-mode” color Doppler 
echocardiography; 809 
Diet 
Providing heart-healthy alternatives at 
cardiology meetings: grilled salmon or beef 
tenderloin? 111 
Diffuse coronary vasospasm 
Diffuse coronary vasospasm and accelerated 
atherosclerosis in a transplanted human 
heart; 825 
Diltiazem 
Comparison of blood pressure response to heat 
stress in sauna in young hypertensive 
patients treated with atenolol and diltiazem; 
97 
Effect of intravenous diltiazem on myocardial 
ischemia occurring during percutaneous 
transluminal coronary angioplasty; 1103 
Hemodynamic and echocardiographic 
assessment of the effects of diltiazem during 
transient occlusion of the left anterior 
descending coronary artery during 
percutaneous transluminal coronary 
angioplasty; 849 
Dimensions of atrial septum 
Natural course of atrial septal aneurysm in 
children and the potential for spontaneous 
closure of associated septal defect; 998 
Dipyridamole 
Comparison of myocardial washout rate of 
thallium-201 between rest, dipyridamole 
with and without aminophylline, and exercise 
states in normal subjects; 1022 
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Maximal coronary vasodilator capacity of 
orthotopic heart transplants in patients with 
and without rejection; 513 
Predictive value of quantitative dipyridamole- 
thallium scintigraphy in assessing 
cardiovascular risk after vascular surgery in 
diabetes mellitus; 1275 
Prognostic value of intravenous dipyridamole 
thallium scintigraphy after an acute 
myocardial ischemic event; 161 
Quantitative comparison of thallium-201 
scintigraphy after exercise and dipyridamole 
in coronary artery disease; 871 
Usefulness of oral dipyridamole digital 
echocardiography for detecting coronary 
artery disease; 385 
Usefulness of the severity and extent of 
reversible perfusion defects during thallium- 
dipyridamole imaging for cardiac risk 
assessment before noncardiac surgery; 276 
Dipyridamole-thallium 
Noninvasive cardiac risk stratification of 
diabetic and nondiabetic uremic renal 
allograft candidates using 
dipyridamole-thallium-201 imaging and 
radionuclide ventriculography; 1019 
Prognostic utility of predischarge dipyridamole- 
thallium imaging compared to predischarge 
submaximal exercise electrocardiography and 
maximal exercise thallium imaging after 
uncomplicated acute myocardial infarction; 
1243 
Direct angioplasty 
Early and late results of coronary angioplasty 
without antecedent thrombolytic therapy for 
acute myocardial infarction; 1221 
Discrete subaortic stenosis 
Correlation of distance from subaortic 
membrane to base of the right aortic valve 
cusp and the development of aortic 
regurgitation in mild discrete subaortic 
stenosis; 395 
Discriminant function 
International application of a new probability 
algorithm for the diagnosis of coronary 
artery disease; 304 
Diuretics 
Effects of diuretic therapy and exercise-related 
arrhythmias in systemic hypertension; 1152 
Diurnal variation 
Morning increase in the time of onset of 
sustained ventricular tachycardia; 1204 
Doppler echocardiography 
See also Echocardiography; Two-dimensional 
echocardiography 
Assessment by Doppler color flow mapping of 
ventricular septal defect after acute 
myocardial infarction; 668 
Comparison of Doppler indexes of left 
ventricular diastolic function with 
simultaneous high fidelity left atrial and 
ventricular pressures in idiopathic dilated 
cardiomyopathy; 1173 
Differential sensitivity of the RV,:RV; voltage 
ratio by pathogenesis of left ventricular 
hypertrophy and diagnostic cutpoint; 817 
Doppler-echocardiographic evaluation of left 
atrial contribution to left ventricular filling 
in mitral stenosis at rest and during exercise; 
1058 


Doppler echocardiography and ultrafast cine 
computed tomography during dynamic 
exercise in chronic parenchymal pulmonary 
disease; 528 

Effects of left ventricular preload and afterload 
on ascending aortic blood velocity and 
acceleration in coronary artery disease; 856 

Hemodynamic changes during sickle cell crisis; 
1211 

Influence of transmitral filling dynamics on 
continuous-wave Doppler assessment of 
aortic regurgitation by half-time methods; 
614 

Left ventricular diastolic dysfunction evaluated 
by Doppler echocardiography in patients 
with diabetes mellitus; 1037 

Mechanism of altered pattern of left ventricular 
filling with aging in subjects without cardiac 
disease; 523 

Prevalence and signficance of left ventricular 
filling abnormalities determined by Doppler 
echocardiography in young type | (insulin- 
dependent) diabetic patients; 1010 

Prospective Doppler echocardiographic 
evaluation of pulmonary artery diastolic 
pressure in the medical intensive care unit; 
1366 

Doppler measurements of aortic 
blood flow velocity 

Doppler measurements of aortic blood flow 
velocity and acceleration: load-independent 
indexes of left ventricular performance? 935 

Doppler ultrasound 

A new Doppler method of assessing left 
ventricular ejection force in chronic 
congestive heart failure; 81 

Doppler echocardiographic measurement of low 
velocity motion of the left ventricular 
posterior wall; 66 

Doppler evaluation of homograft valved 
conduits in children; 354 

Noninvasive assessment of peripheral vascular 
disease by color flow Doppler/two- 
dimensional ultrasound; 247 

Two-dimensional echocardiography and Doppler 
findings in cerebral arteriovenous 
malformation; 252 

Usefulness of the Doppler mean gradient in 
evaluation of children with aortic valve 
stenosis and comparison to gradient at 
catheterization; 756 

Doppler velocity and acceleration 

Effect of blood pressure and afterload on 
Doppler echocardiographic measurements of 
left ventricular systolic function in normal 
subjects; 905 

Doxazosin 

Effectiveness of doxazosin in systemic 

hypertension; 203 
Drug toxicity 

Usefulness of serial pulmonary function testing 

as an indicator of amiodarone toxicity; 1322 
Dual atrioventricular-node 
pathways 

Role of intravenous isoproterenol in the 
electrophysiologic induction of 
atrioventricular node reentrant tachycardia 
in patients with dual atrioventricular node 
pathways; 1131 

Ductus arteriosus 

Doppler echocardiographic assessment of 
shunting via the ductus arteriosus in 
newborn infants; 102 
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Percutaneous catheter closure of the ductus 
arteriosus in children and young adults; 218 
Dyspnea 
Changes in dyspnea-fatigue ratings as indicators 
of quality of life in the treatment of 
congestive heart failure; 50 
Ear densitogram 
Noninvasive assessment of central circulatory 
pressures by analysis of ear densitographic 
changes during the Valsalva maneuver; 787 
Early discharge 
Early hospital discharge after percutaneous 
transluminal coronary angioplasty; 1270 
Echocardiographic contrast agent 
Improved sensitivity of color Doppler by SH U 
454; 374 
Echocardiography 
See also Doppler echocardiography; Two- 
dimensional echocardiography 
An echocardiographic and anatomic description 
of the donor-recipient atrial anastomosis 
after orthotopic cardiac transplantation; 109 
A new Doppler method of assessing left 
ventricular ejection force in chronic 
congestive heart failure; 81 
Correlation of distance from subaortic 
membrane to base of the right aortic valve 
cusp and the development of aortic 
regurgitation in mild discrete subaortic 
stenosis; 395 
Doppler echocardiographic assessment of 
shunting via the ductus arteriosus in 
newborn infants; 102 
Doppler echocardiographic measurement of low 
velocity motion of the left ventricular 
posterior wall; 66 
Doppler evaluation of homograft valved 
conduits in children; 354 
Echocardiographic detection of 
pericardiocentesis-induced subepicardial and 
intramyocardial hematoma; 820 
Effects of atenolol on left ventricular 
hypertrophy and early left ventricular 
function in essential hypertension; 1157 
Evaluation of coronary arterial fistula by color- 
coded Doppler echocardiography; 689 
Impact of age on echocardiographic left 
ventricular mass in a healthy population (The 
Framingham Study); 1066 
Importance of overweight in studies of left 
ventricular hypertrophy and diastolic 
function in mild systemic hypertension; 752 
Influence of thrombolytic treatment followed by 
full dose anticoagulation on the frequency of 
left ventricular thrombi in acute myocardial 
infarction; 588 
Mechanism of altered pattern of left ventricular 
filling with aging in subjects without cardiac 
disease; 523 
Natural course of atrial septal aneurysm in 
children and the potential for spontaneous 
closure of associated septal defect; 998 
Noninvasive evaluation of cardiac structure and 
function in alpinists; 676 
Prenatal diagnosis and circulatory 
characteristics in tetralogy of Fallot with 
absent pulmonary valve; 547 
Preparticipation echocardiographic screening 
for cardiovascular disease in a large, 
predominantly black population of collegiate 
athletes; 1029 
Quantitation and significance of systolic mitral 
leaflet displacement in mitral valve prolapse; 
1349 


Two-dimensional echocardiographic aortic root 
ee in normal children and adults; 
5 
Ultrasonic debridement of the aortic valve with 
six-month echocardiographic follow-up; 1206 
Upright bicycle exercise echocardiography after 
coronary artery bypass grafting; 1123 
Usefulness of oral dipyridamole digital 
echocardiography for detecting coronary 
artery disease; 385 
Utility of precordial, epicardial and 
transesophageal two-dimensional 
echocardiography in the detection of 
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Magnum wire for balloon recanalization of 
chronic total coronary occlusions; 148 
Mapping 
Differentiation between late potentials of right 
ventricular and of left ventricular origin; 37 
Marfan syndrome 
Two-dimensional echocardiographic aortic root 
dimensions in normal children and adults; 
507 
Maturation and $3 
Mechanism of disappearance of S3 with 
maturation; 1394 
Maximum negative potential 
Prognostic significance of ST potentials 
determined by body surface mapping in 
inferior wall acute myocardial infarction; 319 
Mean gradient 
Usefulness of the Doppler mean gradient in 
evaluation of children with aortic valve 
stenosis and comparison to gradient at 
catheterization; 756 
Measurement of jet area 
In vivo relation between cineangiographic jet 
width and jet width imaged by color-coded 
Doppler; 1399 
Mechanism of S3 disappearance 
Mechanism of disappearance of S3 with 
maturation; 1394 
Mental stress 
Disparate hemodynamic and 
sympathoadrenergic responses to isometric 
and mental stress in essential hypertension; 
42 


Metabolic rate meter 
Limitations of the metabolic rate meter for 
measuring oxygen consumption and cardiac 
output; 783 
Methodology 
A comparison of amplitude-modulated and 
frequency-modulated ambulatory monitoring 
systems; 76 
Doppler echocardiographic measurement of low 
velocity motion of the left ventricular 
posterior wall; 66 
Micromanometer-tipped catheters 
Fidelity of micromanometer pressure 
transduction in closed-end angiographic 
catheters; 1213 
Milrinone 
Effect of milrinone on steady-state digoxin 
levels in congestive heart failure; 1057 
Mitral and aortic stenosis 
Combined percutaneous mitral and aortic 
balloon valvuloplasty; 620 
Mitral lipoma 
Mitral valve replacement for mitral lipoma 
associated with severe obesity; 1405 
Mitral regurgitation 
A quantitative comparison of transesophageal 
and epicardial color Doppler 
echocardiography in the intraoperative 
assessment of mitral regurgitation; 1168 
Importance of the left ventricular filling 
pressure on diastolic filling in idiopathic 
dilated cardiomyopathy; 61 
Mitral stenosis 
Comparison of results of percutaneous balloon 
mitral valvotomy using consecutive single 
(25 mm) and double (25 mm and 12 mm) 
balloon techniques; 1385 
Doppler-echocardiographic evaluation of left 
atrial contribution to left ventricular filling 
in mitral stenosis at rest and during exercise; 
1058 
Left ventricular intrinsic contractility in pure 
rheumatic mitral stenosis; 240 
Mitral valve prolapse 
Quantitation and significance of systolic mitral 
leaflet displacement in mitral valve prolapse; 
1349 
Scanning electron microscopy of operatively 
excised severely regurgitant floppy mitral 
valves; 392 
Mitral valve replacement 
Mitral valve replacement for mitral lipoma 
associated with severe obesity; 1405 
Mitral valve vegetations 
Indium-111 leukocyte scintigraphic detection of 
mitral valve vegetations in active bacterial 
endocarditis; 1080 
Modes of death in opiate addicts 
Modes of death and types of cardiac diseases in 
opiate addicts: analysis of 168 necropsy 
cases; 909 
Monitoring 
Usefulness of twenty-four-hour blood pressure 
patterns and response to short-term sodium 
restriction in normotensive subjects in 
detecting a predisposition to systemic 
arterial hypertension; 604 
Moricizine 
Natural history of potentially lethal ventricular 
arrhythmias in patients treated with long- 
term antiarrhythmic drug therapy; 1289 
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Morphometry 
Correlation between histomorphometric findings 
on endomyocardial biopsy and clinical 
findings in idiopathic dilated 
cardiomyopathy; 504 
Multiple foci of nontransmural 
myocardial infarction 
Acute myocardial infarction in cardiac 
transplant recipients; 1093 
Multivariate analysis 
International application of a new probability 
algorithm for the diagnosis of coronary 
artery disease; 304 
Noninvasive assessment of central circulatory 
pressures by analysis of ear densitographic 
changes during the Valsalva maneuver; 787 
Mural thrombus 
Decision analysis concerning the application of 
echocardiography to the diagnosis and 
treatment of mural thrombi after anterior 
wall acute myocardial infarction; 708 
Myocardial dysfunction 
Diagnostic role of intraoperative epicardial 
echocardiography following complications of 
mitral valve replacement with the Bjork- 
Shiley prosthetic valve; 1402 
Myocardial infarction 
See also Acute myocardial infarction 
A new epidemiologic classification system for 
interim myocardial infarction from serial 
electrocardiographic changes; 454 
Assessment by Doppler color flow mapping of 
ventricular septal defect after acute 
myocardial infarction; 668 
Changes in plasma vitamin levels in the first 48 
hours after onset of acute myocardial 
infarction; 971 
Characteristics associated with early (A3 
months) versus late (>3 months to A3 
years) mortality after acute myocardial 
infarction; 315 
Correlation of baseline plasminogen activator 
inhibitor activity with patency of the infarct 
artery after thrombolytic therapy in acute 
myocardial infarction; 1231 
Decision analysis concerning the application of 
echocardiography to the diagnosis and 
treatment of mural thrombi after anterior 
wall acute myocardial infarction; 708 
Diagnosis of left ventricular thrombi by 
magnetic resonance imaging and comparison 
with angiocardiography, computed 
tomography and echocardiography; 1195 
Hyperglycemia and prognosis of acute 
myocardial infarction in patients without 
diabetes mellitus; 885 
Late ventricular dilatation in survivors of acute 
myocardial infarction; 961 
Left ventricular dysfunction in acute myocardial 
infarction due to isolated left circumflex 
coronary artery stenosis; 440 
Limitations of a conventional logistic regression 
model based on left ventricular ejection 
fraction in predicting coronary events after 
myocardial infarction; 702 
Prognostic utility of predischarge dipyridamole- 
thallium imaging compared to predischarge 
submaximal exercise electrocardiography and 
maximal exercise thallium imaging after 
uncomplicated acute myocardial infarction; 
1243 
Safety of intraaortic balloon counterpulsation in 
patients with acute myocardial infarction 
receiving streptokinase intravenously; 937 
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Urokinase plus heparin versus aspirin in 
unstable angina and non-Q-wave myocardial 
infarction; 840 

Usefulness of sotalol in suppressing ventricular 
tachycardia or ventricular fibrillation in 
patients with healed myocardial infarcts; 33 

Myocardial ischemia 

See also Ischemia 

A comparison of amplitude-modulated and 
frequency-modulated ambulatory monitoring 
systems; 76 

Early detection of myocardial ischemia by 
myocardial free fatty acid extraction in 
patients with exercise-induced angina 
pectoris; 180 

Effects of diltiazem alone or with isosorbide 
dinitrate or with atenolol both acutely and 
chronically for stable angina pectoris; 717 

Intracoronary endothelin induces myocardial 
ischemia by small vessel constriction in the 
dog; 956 

Prevalence, time course and malignancy of 
ventricular arrhythmia during spontaneous 
ischemic ST-segment depression; 900 

Prognostic significance of silent myocardial 
ischemia detected by early treadmill exercise 
after coronary angioplasty; 1 

Prognostic value of intravenous dipyridamole 
thallium scintigraphy after an acute 
myocardial ischemic event; 161 

Myocardial perfusion 

Use of technetium-99m isonitrile (RP-30A) in 
assessing left ventricular perfusion and 
function at rest and during exercise in 
coronary artery disease, and comparison 
with coronary arteriography and exercise 
thallium-201 SPECT imaging; 270 

Myxoma 

Myxoma attached solely to the tricuspid valve; 

546 
Naloxone 

Hemodynamic effects of high dose naloxone in 

congestive heart failure; 542 
Natriuretic factor 

Inefficacy of daily single bolus dose atrial 
natriuretic factor in chronic congestive heart 
failure; 948 

Necropsy findings in opiate addicts 

Modes of death and types of cardiac diseases in 
opiate addicts: analysis of 168 necropsy 
cases; 909 

Neurohumoral control 

Attenuation of the pressor response to 
intravenous furosemide by angiotensin 
converting enzyme inhibition in congestive 
heart failure; 1382 

Niacin 

Effect of a modified, well-tolerated niacin 
regimen on serum total cholesterol, high 
density lipoprotein cholesterol and the 
cholesterol to high density lipoprotein ratio; 
725 

Nifedipine 

Comparison of atenolol and nifedipine in 
chronic stable angina pectoris; 186 

Comparison of nifedipine, propranolol and 
isosorbide dinitrate on angiographic 
progression and regression of coronary 
arterial narrowings in angina pectoris; 433 

Nitrate 

Effects of sublingual nitrate in patients 
receiving sustained therapy of isosorbide 
dinitrate for coronary artery disease; 565 


Nitrates 
Comparative effects of theophylline and 
isosorbide dinitrate on exercise capacity in 
stable angina pectoris, and their mechanisms 
of action; 1098 
Sustained effect of and lack of development of 
tolerance to controlled-release isosorbide-5- 
mononitrate in chronic stable angina 
pectoris; 569 
Nitrate tolerance 
Effects of sublingual nitrate in patients 
receiving sustained therapy of isosorbide 
dinitrate for coronary artery disease; 565 
Interval therapy to avoid nitrate tolerance: 
paradise regained? 931 
Nitroglycerin 
Significance of nitroglycerin-induced 
hypotension with inferior wall acute 
myocardial infarction; 311 
Nondiabetics 
Hyperglycemia and prognosis of acute 
myocardial infarction in patients without 
diabetes mellitus; 885 
Nonionic contrast media 
Nephrotoxicity of nonionic contrast media after 
cardiac angiography; 815 
Non-Q-wave myocardial infarction 
Cardiac event rate after non-Q-wave acute 
myocardial infarction and the significance of 
its anterior location; 1236 
Nonsustained ventricular 
tachycardia 
Conversion of sustained into nonsustained 
ventricular tachycardia during therapy 
assessment by programmed ventricular 
stimulation: criterion for a positive drug 
effect? 329 
Norepinephrine 
Relation between plasma norepinephrine and 
response to medical therapy in men with 
congestive heart failure secondary to 
coronary artery disease or idiopathic dilated 
cardiomyopathy; 609 
Nuclear magnetic resonance 
imaging 
Usefulness of nuclear magnetic resonance 
imaging for evaluation of pericardial 
effusions, and comparison with two- 
dimensional echocardiography; 1004 
Obesity 
Correlation of intraabdominal fat accumulation 
and left ventricular performance in obesity; 
369 
Impact of age on echocardiographic left 
ventricular mass in a healthy population (The 
Framingham Study); 1066 
Occlusion 
Magnum wire for balloon recanalization of 
chronic total coronary occlusions; 148 
Percutaneous catheter closure of the ductus 
arteriosus in children and young adults; 218 
Percutaneous transluminal angioplasty of a 
totally occluded venous bypass graft: a 
challenge that should be resisted; 88 
Predictors of success in percutaneous 
transluminal coronary angioplasty of chronic 
total occlusions; 1264 
Omega-3 fatty acids 
Usefulness of fish oil supplements in preventing 
clinical evidence of restenosis after 
percutaneous transluminal coronary 
angioplasty; 294 
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Orthotopic heart transplantation 
Diffuse coronary vasospasm and accelerated 
atherosclerosis in a transplanted human 
heart; 825 
Maximal coronary vasodilator capacity of 
orthotopic heart transplants in patients with 
and without rejection; 513 
Overweight 
Importance of overweight in studies of left 
ventricular hypertrophy and diastolic 
function in mild systemic hypertension; 752 
Oximetry 
Oximetric quantitation of intracardiac left-to- 
right shunting: limitations of the Qp/Qs 
ratio; 246 
Oxygen consumption 
Limitations of the metabolic rate meter for 
measuring oxygen consumption and cardiac 
output; 783 
Oxygen delivery, oxygen consumption and 
hemoglobin-oxygen affinity in acute 
myocardial infarction; 977 
Oxygen delivery 
Oxygen delivery, oxygen consumption and 
hemoglobin-oxygen affinity in acute 
myocardial infarction; 977 
Pacemaker mode 
Influence of cardiac pacing mode on the long- 
term development of atrial fibrillation; 1376 
Pacemakers 
An office-based exercise protocol for predicting 
chronotropic response of activity-triggered, 
rate-variable pacemakers; 27 
Influence of cardiac pacing mode on the long- 
term development of atrial fibrillation; 1376 
Multicenter long-term results of antitachycardia 
pacing for supraventricular tachycardias; 191 
Pacemaker syndrome 
Pacemaker syndrome in activity-responsive VVI 
pacing; 124 
Pacing 
An office-based exercise protocol for predicting 
chronotropic response of activity-triggered, 
rate-variable pacemakers; 27 
Increase in plasma atrial natriuretic factor 
during ventriculoatrial pacing; 236 
Multicenter long-term results of antitachycardia 
pacing for supraventricular tachycardias; 191 
Pacemaker syndrome in activity-responsive VVI 
pacing: 124 
Usefulness of esophageal pill electrode atrial 
pacing with quantitative two-dimensional 
echocardiography for diagnosing coronary 
artery disease; 730 
Pain 
Intermittent, dose-related fluctuations of pain 
and ST elevation during infusion of 
recombinant tissue plasminogen activator 
during acute myocardial infarction; 225 
Paroxysmal supraventricular 
tachyarrhythmias 
Influence of cardiac pacing mode on the long- 
term development of atrial fibrillation; 1376 
Paroxysmal supraventricular 
tachycardia 
Role of intravenous isoproterenol in the 
electrophysiologic induction of 
atrioventricular node reentrant tachycardia 
in patients with dual atrioventricular node 
pathways; 1131 
Paroxysmal tachycardia 
Random and nonrandom behavior of 
symptomatic paroxysmal atrial fibrillation; 
339 


Peak filling rate 
Differing responses in right and left ventricular 
filling, loading and volumes during positive 
end-expiratory pressure; 772 
Pediatrics 
Rate-responsive ventricular pacing in pediatric 
patients; 1052 
Univariate genetic analysis of blood pressure in 
children (The Medical College of Virginia 
Twin Study); 1333 
PEEP 
Differing responses in right and left ventricular 
filling, loading and volumes during positive 
end-expiratory pressure; 772 
Percutaneous cardiopulmonary 
support system 
Prolonged ventricular fibrillation-salvage using a 
new percutaneous cardiopulmonary support 
system; 545 
Percutaneous coronary 
atherectomy 
Safety of percutaneous coronary atherectomy 
with deep arterial resection; 538 
Percutaneous revascularization 
devices 
Restenosis after excellent angiographic 
angioplasty result for chronic total coronary 
artery occlusion—implications for newer 
percutaneous revascularization devices; 667 
Percutaneous transluminal balloon 
angioplasty 
Percutaneous transluminal balloon angioplasty 
for obstruction of the suprahepatic inferior 
vena cava and cavo-atrial graft stenosis; 397 
Percutaneous transluminal 
coronary angioplasty 
Comparison of exercise test responses before 
and after either percutaneous transluminal 
coronary angioplasty or coronary artery 
bypass grafting; 1039 
Coronary angioplasty using the probing catheter 
in combination with the probe™ balloon 
wire; 1041 
Hemodynamic and echocardiographic 
assessment of the effects of diltiazem during 
transient occlusion of the left anterior 
descending coronary artery during 
percutaneous transluminal coronary 
angioplasty; 849 
High incidence of acute coronary occlusions 
complicating percutaneous transluminal 
coronary angioplasty for angina pectoris; 665 
Predictors of success in percutaneous 
transluminal coronary angioplasty of chronic 
total occlusions; 1264 
Return to work after percutaneous transluminal 
coronary angioplasty; 1108 
Usefulness of fish oil supplements in preventing 
clinical evidence of restenosis after 
percutaneous transluminal coronary 
angioplasty; 294 
Usefulness of percutaneous transluminal 
coronary angioplasty in alleviating silent 
myocardial ischemia in patients with absent 
Or minimal painful myocardial ischemia; 560 
Pericardial constriction 
Mechanism underlying Kussmaul's sign in 
chronic constrictive pericarditis; 1069 
Pericardial effusion 
Usefulness of nuclear magnetic resonance 
imaging for evaluation of pericardial 
effusions, and comparison with two- 
dimensional echocardiography; 1004 


Pericardiocentesis-induced 
subepicardial hematoma 
Echocardiographic detection of 
pericardiocentesis-induced subepicardial and 
intramyocardial hematoma; 820 
Peripheral vascular disease 
Noninvasive assessment of peripheral vascular 
disease by color flow Doppler/two- 
dimensional ultrasound; 247 
Peripheral vascular surgery 
Frequency and significance of early 
postoperative silent myocardial ischemia in 
patients having peripheral vascular surgery; 
1113 
Pharmacokinetics 
Correlation of amiodarone dosage, heart rate, 
QT interval and corneal microdeposits with 
serum amiodarone and desethylamiodarone 
concentrations; 1138 
Single-bolus injection of recombinant tissue- 
type plasminogen activator in acute 
myocardial infarction; 448 
Pharmacologic cardioversion 
Effectiveness of intravenous propafenone for 
conversion of atrial fibrillation and flutter of 
recent onset; 335 
Pharmacologic tests 
Stress and pharmacologic tests as methods to 
identify patients with Wolff-Parkinson-White 
syndrome at risk of sudden death; 487 
Phonocardiography 
Continuous spectral analysis of heart murmurs 
for evaluating stenotic cardiac lesions; 625 
Physical activity 
Impact of age on echocardiographic left 
ventricular mass in a healthy population (The 
Framingham Study); 1066 
Plasma renin activity 
Long-term predictors of sudden and low output 
death in chronic congestive heart failure 
secondary to coronary artery disease; 1343 
Plasminogen activator inhibitor 
Correlation of baseline plasminogen activator 
inhibitor activity with patency of the infarct 
artery after thrombolytic therapy in acute 
myocardial infarction; 1231 
Platelet aggregation inhibitors 
Effect of aspirin on myocardial ischemia; 387 
Platelet scintigraphy 
Early image acquisition after administration of 
indium-111 platelets in clinically suspected 
deep venous thrombosis; 363 
Plethysmography 
Importance of overweight in studies of left 
ventricular hypertrophy and diastolic 
function in mild systemic hypertension; 752 
Positron emission tomography 
Positron emission tomography using fluorine-18 
deoxyglucose in evaluation of coronary artery 
bypass grafting; 860 
Postinfarction angina 
Angiographic characteristics of the infarct- 
related coronary artery in patients with 
angina pectoris after myocardial infarction; 
257 
Postmenopausal women 
Effect of estrogen replacement therapy on the 
ST-segment response to postural and 
hyperventilation stimuli; 1076 
Postoperative complications 
Usefulness of the severity and extent of 
reversible perfusion defects during thallium- 
dipyridamole imaging for cardiac risk 
assessment before noncardiac surgery; 276 
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Postreceptor defect 
Localization of a “‘postreceptor’’ defect in 
human dilated cardiomyopathy; 812 
Predictors of morbidity 
Predictors of rhythm disturbances and 
subsequent morbidity after the Fontan 
operation; 762 
Predictors of mortality 
Long-term predictors of sudden and low output 
death in chronic congestive heart failure 
secondary to coronary artery disease; 1343 
Pregnancy 
Increases in atrial natriuretic peptide after 
delivery and in the puerperium; 674 
Percutaneous double balloon mitral 
valvuloplasty in pregnant women; 99 
Preload 
Effects of left ventricular preload and afterload 
on ascending aortic blood velocity and 
acceleration in coronary artery disease; 856 
Pressure half-time 
Influence of transmitral filling dynamics on 
continuous-wave Doppler assessment of 
aortic regurgitation by half-time methods; 
614 
Primary aortic sarcoma 
Primary aortic sarcoma mimicking aortic 
dissection; 549 
Proarrhythmia 
Lessons to be learned from the Cardiac 
Arrhythmia Suppression Trial; 1189 
Probability analysis 
International application of a new probability 
algorithm for the diagnosis of coronary 
artery disease; 304 
Probe™ balloon wire =f 
Coronary angioplasty using the probing catheter 
in combination with the probe™ balloon 
wire; 1041 
Procainamide 
Stress and pharmacologic tests as methods to 
identify patients with Wolff-Parkinson-White 
syndrome at risk of sudden death; 487 
Prognosis 
A new epidemiologic classification system for 
interim myocardial infarction from serial 
electrocardiographic changes; 454 
Characteristics associated with early (A3 
months) versus late (>3 months to A3 
years) mortality after acute myocardial 
infarction; 315 
Exercise thallium-201 scintigraphy and 
prognosis in typical angina pectoris and 
negative exercise electrocardiography; 282 
Long-term prognosis of transient acute 
myocardial ischemia at rest; 889 
Long-term variability of angina pectoris and 
electrocardiographic signs of ischemia in 
syndrome X; 139 
Predictive value of indium-111 antimyosin 
uptake for improvement of left ventricular 
wall motion after thrombolysis in acute 
myocardial infarction; 167 
Prognosis after acute myocardial infarction in 
patients with and without residual 
anterograde coronary blood flow; 155 
Prognosis in patients with a strongly positive 
exercise electrocardiogram; 1284 
Prognosis in peripartum cardiomyopathy; 540 
Prognostic significance of silent myocardial 
ischemia detected by early treadmill exercise 
after coronary angioplasty; 1 
Prognostic value of intravenous dipyridamole 
thallium scintigraphy after an acute 
myocardial ischemic event; 161 
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Risk of adverse outcome in patients admitted to 
the coronary care unit with suspected 
unstable angina pectoris; 845 

Programmed stimulation 

Conversion of sustained into nonsustained 
ventricular tachycardia during therapy 
assessment by programmed ventricular 
stimulation: criterion for a positive drug 
effect? 329 

Sequelae of nonsustained polymorphic 
ventricular tachycardia induced during 
programmed ventricular stimulation; 1148 

Propafenone 

Effectiveness of intravenous propafenone for 
conversion of atrial fibrillation and flutter of 
recent onset; 335 

Effect of propafenone hydrochloride on 
lymphocyte membrane betaz adrenoceptors 
in ventricular arrhythmias; 671 

Stress and pharmacologic tests as methods to 
identify patients with Wolff-Parkinson-White 
syndrome at risk of sudden death; 487 

Propranolol 

Comparison of nifedipine, propranolol and 
isosorbide dinitrate on angiographic 
progression and regression of coronary 
arterial narrowings in angina pectoris; 433 

Physiologic relation between cardiac cycle and 
QT duration in healthy volunteers; 481 

Prostacyclin 

Superior antiplatelet action of alternate day 
pulsed dosing versus split dose 
administration of aspirin; 1185 

Prosthetic heart valves 

Color flow Doppler evaluation of cardiac 
bioprosthetic valves; 1389 

Extensive multifocal myocardial infarcts from 
cloth emboli after replacement of mitral and 
aortic valves with cloth-covered, caged-ball 
prostheses; 410 

Prosthetic valve dysfunction 

Diagnostic role of intraoperative epicardial 
echocardiography following complications of 
mitral valve replacement with the Bjork- 
Shiley prosthetic valve; 1402 

Prosthetic valves 

Color flow Doppler evaluation of St. Jude 

Medical prosthetic valves; 1387 
Puerperium 

Increases in atrial natriuretic peptide after 

delivery and in the puerperium; 674 
Pulmonary artery catheterization 

Prospective Doppler echocardiographic 
evaluation of pulmonary artery diastolic 
pressure in the medical intensive care unit; 
1366 

Pulmonary artery sling 

Operative correction of subcarinal left 
pulmonary artery originating from the right 
pulmonary artery; 687 

Pulmonary artery wedge pressure 

Noninvasive measurement of left ventricular 
filling pressures by means of transmitral 
pulsed Doppler ultrasound; 655 

Pulmonary capillary wedge 
pressure 

Noninvasive assessment of central circulatory 
pressures by analysis of ear densitographic 
changes during the Valsalva maneuver; 787 

Pulmonary emboli 

Severe pulmonary hypertension and cor 
pulmonale in the acquired immunodeficiency 
syndrome; 1396 


Pulmonary fibrosis 
Usefulness of serial pulmonary function testing 
as an indicator of amiodarone toxicity; 1322 
Pulmonary function 
Usefulness of serial pulmonary function testing 
as an indicator of amiodarone toxicity; 1322 
Pulmonary hypertension 
Doppler echocardiography and ultrafast cine 
computed tomography during dynamic 
exercise in chronic parenchymal pulmonary 
disease; 528 
Severe pulmonary hypertension and cor 
pulmonale in the acquired immunodeficiency 
syndrome; 1396 
Pulmonary regurgitation 
Prospective Doppler echocardiographic 
evaluation of pulmonary artery diastolic 
pressure in the medical intensive care unit; 
1366 
Pulmonary thromboembolism 
Circadian distribution in fatal pulmonary 
thromboembolism; 403 
Pulsed Doppler ultrasound 
Noninvasive measurement of left ventricular 
filling pressures by means of transmitral 
pulsed Doppler ultrasound; 655 
Qp/Qs ratio 
Oximetric quantitation of intracardiac left-to- 
right shunting: limitations of the Qp/Qs 
ratio; 246 
QT interval 
Correlation of amiodarone dosage, heart rate, 
QT interval and corneal microdeposits with 
serum amiodarone and desethylamiodarone 
concentrations; 1138 
Quality of life 
Changes in dyspnea-fatigue ratings as indicators 
of quality of life in the treatment of 
congestive heart failure; 50 
Quantitative angiography 
Initial angiographic results in ablation of 
atherosclerotic plaque by percutaneous 
coronary excimer laser angioplasty without 
subsequent balloon dilatation; 1253 
Quantitative coronary 
angiography 
Comparative effects of theophylline and 
isosorbide dinitrate on exercise capacity in 
stable angina pectoris, and their mechanisms 
of action; 1098 
Quantitative assessment of coronary arterial 
diameter before and after coronary artery 
bypass grafting; 261 
Quantitative coronary 
arteriography 
Angiographic characteristics of the infarct- 
related coronary artery in patients with 
angina pectoris after myocardial infarction; 
257 
Comparison by quantitative angiographic 
assessment of coronary stenoses of one view 
showing the severest narrowing to two 
orthogonal views; 462 
Quantitative arteriographic responses to 
ergonovine provocation in subjects with 
atypical chest pain; 778 
Quantitative thallium-201 
scintigraphy 
Quantitative comparison of thallium-201 
scintigraphy after exercise and dipyridamole 
in coronary artery disease; 871 
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Radioisotopes 
Usefulness of the severity and extent of 
reversible perfusion defects during thallium- 
dipyridamole imaging for cardiac risk 
assessment before noncardiac surgery; 276 
Radionuclide angiography 
Influence of temporal smoothing on 
quantitation of left ventricular function by 
gated blood pool scintigraphy; 921 
Prevalence of silent myocardial ischemia in 
survivors of cardiac arrest; 591 
Use of technetium-99m isonitrile (RP-30A) in 
assessing left ventricular perfusion and 
function at rest and during exercise in 
coronary artery disease, and comparison 
with coronary arteriography and exercise 
thallium-201 SPECT imaging; 270 
Radionuclides 
Usefulness of the severity and extent of 
reversible perfusion defects during thallium- 
dipyridamole imaging for cardiac risk 
assessment before noncardiac surgery; 276 
Radionuclide ventriculography 
Importance of overweight in studies of left 
ventricular hypertrophy and diastolic 
function in mild systemic hypertension; 752 
Noninvasive cardiac risk stratification of 
diabetic and nondiabetic uremic renal 
allograft candidates using 
dipyridamole-thallium-201 imaging and 
radionuclide ventriculography; 1019 
Prognostic utility of predischarge dipyridamole- 
thallium imaging compared to predischarge 
submaximal exercise electrocardiography and 
maximal exercise thallium imaging after 
uncomplicated acute myocardial infarction; 
1243 
Rate-responsive ventricular pacing 
Rate-responsive ventricular pacing in pediatric 
patients; 1052 
Recombinant tissue-type 
plasminogen activator 
Single-bolus injection of recombinant tissue- 
type plasminogen activator in acute 
myocardial infarction; 448 
Reemployment 
Reemployment following implantation of the 
automatic cardioverter defibrillator; 199 
Relaxation change 
Prevalence and signficance of left ventricular 
filling abnormalities determined by Doppler 
echocardiography in young type | (insulin- 
dependent) diabetic patients; 1010 
Renal disease 
Role of anemia in the pathogenesis of left 
ventricular hypertrophy in end-stage renal 
disease; 222 
Renal transplantation 
Noninvasive cardiac risk stratification of 
diabetic and nondiabetic uremic renal 
allograft candidates using 
dipyridamole-thallium-201 imaging and 
radionuclide ventriculography; 1019 
Renin 
Effects of low altitude exposure on 24-hour 
blood pressure and adrenergic activity; 1379 
Reperfusion 
A physiologically based model of creatine 
kinase-MB release in reperfusion of acute 
myocardial infarction; 11 
Resistive exercise 
Effects of high resistance training in coronary 
artery disease; 866 
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-hypotension with inferior wall acute 
myocardial infarction; 311 — 
ee Right ventricular internal 
s dimension 
-Effect of exercise and cavity size on right 
oo ventricular function in morbid obesity; 1361 
lent ventricular outflow tract 
: ~ Nonsustained ventricular tachycardia arising 

“from the right ventricular outflow tract: 594 
Rig ht ventricular systolic function 
ect of exercise and cavity size on right 
nitricular function in morbid obesity; 1361 
« factors | 
ronary risk associated with age and sex of 
parental heart disease in the Framingham 
~ Study; 555 
Prognosis in petipartum cardiomyopathy; 540 
Risk stratification 
Noninvasive cardiac risk stratification of. 

- diabetic and nondiabetic uremic renal 
allograft candidates using 
dipyridamole-thallium-201 imaging and 
- fadionuclide ventriculography; 1019 
Prognostic utility of predischarge dipyridamole- 
‘thallium imaging compared to predischarge 
maximal exercise electrocardiography and 
aximal exercise thallium imaging after 
mplicated. acute myocardial infarction: 
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sefulness of fish oil supplements in preventing 


-Return to work after percutaneous transluminal 


--Üse-of technetium-99m isonitrile (RP. 30A) in 
assessing left ventricular perfusion and 
function at rest and during exercise in 
coronary artery disease, and comparison 
with coronary arteriography and exercise 
thailium-201 SPECT imaging: 270 

RV.>_:RVs voltage ratio 
Differential sensitivity of the RVg:RV; voltage 
ratio by pathogenesis of left ventricular 
hypertrophy and diagnostic cutpoint; 817 
Salt | | 
- Usefulness of twenty-four-hour blood pressure 
patterns and response to short-term sodium 
restriction in normotensive subjects in ` 
detecting a predisposition to systemic 
-arterial hypertension; 604 
Self-efficacy 

Return to work after percutaneous transluminal 

coronary angioplasty; 1108 


Serum total cholesterol 


Effect of a modified, well-tolerated niacin 
regimen on serum total cholesterol, high 
density lipoprotein cholesterol and the 
ai to high density lipoprotein ratio; 
725 

Severe obesity 
Mitral valve replacement for mitral lipoma 
associated with severe obesity; 1405 
Sex ` 
influence of age and sex on left ventricular 

-filling at rest in subjects without clinical 

cardiac disease; 646 
Sibling occurrence 

Occurrence of congenital heart defects in 
siblings of patients with univentricular heart 

and tricuspid atresia; 768 

Sickle cell anemia 

Hemodynamic changes during sickle cell crisis; 

= BRI 
Signal averaging 

Differentiation between late potentials of right 
ventricular and of left ventricular origin; 37 

Role of bandpass filters in optimizing the value 
of the signal-averaged electrocardiogram as a 
predictor of the results of programmed 
stimulation; 16 

Silent ischemia 

Clinical correlates and prognostic significance 
of type A behavior and silent myocardial 
ischemia on the treadmill; 1280 

Usefulness of percutaneous transluminal . 
coronary angioplasty in alleviating silent 
myocardial ischemia in patients with absent 
or minimal painful myocardial ischemia; 560 

Silent myocardial ischemia. . 

Frequency and significance of early 
postoperative silent myocardial ischemia in 
patients having peripheral vascular surgery: 
113 | 

Painful versus silent myocardial ischemia during 
leg and arm exercise testing in stable angina 
pectoris; 300 

Single bolus injection 

Single-bolus injection of recombinant tissue- 
type plasminogen activator in acute 
myocardial infarction; 448 

Sodium 
Usefulness of twenty-four-hour blood pressure 
patterns and response to short-term sodium 
restriction in normotensive subjects in 
detecting a predisposition to systemic 
_ arterial hypertension; 604 


Strength training 


ST-segment abnormalities | ae 


Relation feta vette function 
antiarrhythmic 1 responses tos t alo 
Usefulness. of sotalol in suppressing | 
tachycardia or ventricular fibrillation 
patients with healed myocardial infarct: 
Spectral analysis — 
Continuous spectral analysis of heart m m 
for evaluating stenotic cardiac lesion 
Spontaneous angina __ : 
Prevalence, time course and malignancy of 
ventricular arrhythmia during spontaneo 
ischemic ST-segment depression; 900. 
Spontaneous coronary artery. 
dissection 
Clinical course and long-term prognosis. 
spontaneous coronary artery dissectic 
Spontaneous reversible spasm 
Spontaneous reversible spasm in an int rn 
mammary artery graft causing acute: : 
myocardial infarction; 822 ee 
Stable angina 
Comparative effects of theophylline 2 a nd 
isosorbide dinitrate on exercise cap 
stable angina pectoris, and their ‘mec 
of action; 1098 A 
Usefulness of sustained- release diltiazem 
stable angina pectoris; 1249 
Static exercise | 
Weight carrying versus Baina exercise testing 
in men with coronary artery disease; B f 
ST depression = 
Prevalence, time course and n a : 
ventricular arrhythmia during spontanean 
ischemic ST-segment depression; 900 . 
Stenosis a 
Comparative evaluation of coronary stenoses: 
using fluid dynamic equations and standard 
quantitative coronary arteriography; 6- o- 
Stenotic mitral valves eo 
Analysis of calcium, zinc, magnesium, iron. aid : 
copper content in myocardium and stenotic 
mitral valves; 1392 
ST/HR slope 
Computer-based implementation of the ST- 
segment/heart rate slope; 926 
St. Jude valves 
Color flow Doppler evaluation of cardiac 
bioprosthetic valves; 1389 
Color flow Doppler evaluation of St. Jude 
Medical prosthetic valves; 1387 

































































artery disease; 866 
Streptokinase _ 
Safety of intraaortic balloon caunterpulsation 
patients with acute myocardial infarction. - 
receiving streptokinase intravenously; 937° 
Stress test 
Stress and pharmacologic tests as methods: to 
identify patients with Wolff-Parkinson-Whi 
syndrome at risk of sudden death: 487. i 
ST segment 
Correlation of ischemic sT- „segment depression 
on the resting electrocardiogram. with new. 
cardiac events in 1,106 patients over a os 
years of age; 232 
intermittent, dose-related fluctuations of pain 
and ST elevation during infusion of- 
recombinant tissue plasminogen. activato 
during acute myocardial infarction; 22 


Effect of estrogen replacement therapy 
ST- bec response del | 












du 
‘myocardial ischemia i in ‘chronic left bundle 
branch block; 1216 
segment depression 
mputer-based implementation of the ST- 
segment/heart rate slope; 926 
Subacute intimal dissection 
Balloon dilatation of symptomatic subacute 
intimal dissection presenting as restenosis; 


























ibulatory electrocardiographic findings i in 
out-of-hospital cardiac arrest secondary to 
- coronary artery disease; 801 
Prevalence of silent myocardial ischemia in 
Survivors of cardiac arrest; 591 
Qualitative and quantitative comparison of 
amounts of narrowing by atherosclerotic 
plaques in the major epicardial coronary 
arteries at necropsy in sudden coronary 
death, transmural acute myocardial 
‘infarction, transmural healed myocardial 
infarction and unstable angina pectoris; 324 
Supraventricular arrhythmia 
<- Differentiation of the origin of wide QRS 
i ~ complexes by the net amplitude of the QRS 
<  jn-lead Ve; 1053 
= os Supraventricular tachycardia 
ae -< Atenolol i in children with supraventricular 
tachycardia; 233 
-Immediate improvement in left ventricular 
` function after cardioversion of atrial flutter; 
1043 
‘Multicenter long-term results of antitachycardia 
- pacing for supraventricular tachycardias; 191 
-Random and nonrandom behavior of 
Symptomatic paroxysmal atrial fibrillation; 
339 

















Supraventricular tachycardia, 
pediatric 

< Adenosine in altering short- and long- -term 
ee treatment of supraventricular tachycardia in 

infants; 685 | 
5 Surgery 
| SRA of cardiovascular adjustments to 

exercise in adolescents 8 to 15 years of age 

-after correction of tetralogy of Fallot, 
ventricular septal defect or atrial septal 
ee ~~ defect: 213 

: -Detection of left atrial thrombi by two- 
-> dimensional echocardiography and surgical 

“=< correlation in 148 patients with mitral valve 
=" disease; 243 

-Operative therapy of atrioventricular node 
- reentry and results of an anatomically guided 
= procedure; 1327 
a. _Reemployment following implantation of the 

automatic cardioverter defibrillator, 199 
Survival 
E ‘Clinical correlates and prognostic significance 
of type A behavior and silent myocardial 
ischemia on the treadmill, 1280 
ong-term prognosis of transient acute 
: myocardial ischemia at rest; 889 
ype A behavior and survival: a follow-up study 
f1, 467 patients with coronary artery 
3 ined-release diltiazem 
ülness of sustained-release diltiazem for 
table diss a poeta 1249 
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. “Symposium: Cardiovascular Aa 


Diagnosis—Implications for 
- Imaging in the 1990s 
Angiographic implications of cardiac 
transplantation; 16E 
Cardiovascular applications of nuclear magnetic 
resonance spectroscopy; 38E 
Cardiovascular effects of contrast agents; 2E 
Contrast-associated nephropathy; 22E 
Effects of contrast media on endothelial cell 
monolayers under controlled flow conditions: 
10E 
Evolving applications of coronary angioplasty: 
technical and angiographic consigeranons 
27E 
introduction; 1E 
Magnetic resonance imaging and the future of 
cardiac imaging, 60E 
Management of high-risk coronary angioplasty; 
33E 
Myocardial ischemia and clinical applications of 
positron emission tomography; 46E 
Ultrafast computed tomography in the 
diagnosis of cardiac disease; 54E 
Symposium: Cardiovascular 
Therapy-—The Next Step 
Calcium antagonists and myocardial protection; 
10F 
Changing concepts in the pathophysiology of 
myocardial ischemia; 3F 
Comparative study of the effect of nifedipine 
versus diltiazem on exercise performance, 
serum propranolol levels, and ST-segment 
abnormalities in patients with chronic stable 
angina taking propranolol; 27F 
Introduction; 1F 
Nifedipine and systemic hypertension; 46F 
Nifedipine, but not propranolol, improves left 
ventricular systolic and diastolic function in 
patients with hypertension; 51F 
Noninvasive ambulatory blood pressure 
monitoring in patients with recently detected 
systemic hypertension; 62F 
Pathophysiologic role of calcium in the 
development of vascular smooth muscle 
tone; 35F 
Renal hemodynamic effects of calcium 
antagonists; 41F 
The Nifedipine gastrointestinal therapeutic 
system in the treatment of hypertension; 65F 
Usefulness of nifedipine for myocardial 
ischemia and the nifedipine gastrointestinal 
therapeutic system; 31F 
What factors predict recovery of contractile 
function in the canine model of the stunned 
myocardium; 18F 
Symposium: Clinical Experience 
- with a Second Generation 
Calcium Antagonist— 
Nicardipine, a Vasoselective 
Agent 
Antihypertensive and antiischemic effects of 
nicardipine and nitroprusside in patients 
i coronary artery bypass grafting: 
H 
Cellular action of nicardipine; 3H 
Comparison of intravenous nicardipine and 
nitroglycerin to control systemic 
hypertension after coronary artery bypass 
grafting, 19H 
Effects of intravenous and intracoronary 
nicardipine; 8H 


oe ai Na ath assessment of nicardipine alone ~ Class 
a and with atenolol in coronary artery disease - eee 


Bed a modifi ed echo: to-Dopplar device; 28H- 






hypertension; IA 
Long-term systemic arterial blood p pressure 
contro! with nicardipine, 35H 
Symposium overview; 1H - 
Symposium: Early Intervention in. = 
the Treatment of Acute 
- Myocardial | | ay 
Infarction-——Clinical Profile o 
Eminase (APSAC) A 
Comparison of thrombolytic agents: selected: 
hematologic, vascular and clinical events; 2A 
Discussion, 24A, 41A 
increased survival after APSAC: 30-day and: 1 
month mortality data from the APSAC o 
intervention Mortality Study; 27A- 
Introduction; 1A 
Limitation of myocardial infarct size. and? 
preservation of left ventricular function by : 
early administration of APSAC in = 
infarction; 18A 3 
Potential use of thrombolytic therapy- before 
hospitalization; 8A 7 
Prehospital use of APSAC: results of a placebo: 
controlled study; 30A 
Reperfusion, patency and reocclusion with 
anistreplase (APSAC) in acute myocardial 
infarction; 12A 
Unanswered questions in thrombolysis; 34A 
Symposium: Lipid Dynamics and 
Atherosclerosis piaui 
Clinical significance of plasma tipid ae 36 ao 
Drug therapy and the prevention of : 
atherosclerosis in humans; 31G | 
High-density lipoprotein cholesterol levels asa cs 
marker of reverse cholesterol transport, 106. 
Introduction; 1G $i 
Pathophysiology of the atherogenic process," 3 
236 : 
Role of biologically modified low-density. 
lipoprotein in atherosclerosis; 18G 
Symposium: Myocardial napili 
Infarction——Direction for the 
90s | aii 
Antithrombotic therapy in acute myocardial. o 
infarction: prevention of venous, left = = 
ventricular and coronary artery 
thromboembolism; 338 | 
Antithrombotic therapy in the primary = 
prevention of acute myocardial infarction, 
29B 
Introduction; 1B a 
New concepts in the- pathophysiology of acute ET 
myocardial infarction; 2B pears 
Nonthrombolytic intervention in acute hy ane 
myocardial infarction; 25B 3 
Patient selection for percutaneous transluminal 
coronary angioplasty in acute myocardial 
infarction; 22B 
Patient selection for thrombolytic therapy: 1 
Prevention of left ventricular mural thrombu 
41B 
Radionuclide i imaging of myocardial perfusio 
and viability in assessment of acute- 
myocardial infarction; 9B = 
Symposium: New Trends in the 
Treatment of Rhythm. 
Disorders 3 ees 
An outlook on future trends in the treat ne 
rhythm disorders; 2). 
biel and their. treatment ir in atien 





















































nodynamic effects of antiarrhythmic drugs: 
negative inotropy versus influence on 
-peripheral circulation; 37J - 
init mechanisms of the depression of 
-automaticity and conduction in the rabbit 
ae atrioventricular node caused by hypoxia or 
— metabolic inhibition and protective action of 
` glucose and valine; 254 
New observation on the mechanisms of 
antiarrhythmic actions of disopyramide on 
cardiac membranes; 16) 
dependence and adrenergic dependence of 
arrhythmias; 415 
Recent advances in understanding the 
mechanisms of drug-induced torsades de 
pointes arrhythmias; 29) 
Recent antiarrhythmic drugs; 65) 
Relevance of cellular to clinical 
~-@lectrophysiology in interpreting 
antiarrhythmic drug action, 6J 
ce “Risk-benefit profiles of antiarrhythmic therapy; 
chee SOF 
ae ‘Role of antitachycardia devices in the treatment 
| -of ventricular tachyarrhythmias; 75J 
Summary; 97) 
~~ Surgical alternatives for supraventricular 
tachycardias, 92J 
Surgical: management of tachyarrhythmias; 87) 
Treatment of rhythm disorders by endocardial 
-o  fulguration; 83). 
es Treatment of ventricular arrhythmias i in the 
| = sofohiary patient: what sort of patient? For 
which rhythm disorder? With which 
“procedure? 57) 
-Ventricular ectopic activity: prevalence and risk; 
EK) 
Symposium: Pharmacologic and 
-Therapeutic Aspects of 
<- Urapidil 
Acute responses to urapidil in hypertensive 
persons; 22D 
melusions on the position of urapidil; 38D 
ment of brain 5-HT,, receptors in the 
tensive response to urapidil; 7D 
view of clinical trials with urapidil; 30D 
macologic profile of urapidil; 1D 
rapeutic assessment of urapidil or 
-angiotensin-converting enzyme inhibition in 
stemic hypertension; 25D 
apidil, a multiple- action alpha-blocking drug; 
“JD 
rapidi} -induced hemodynamic changes in 
umans: 16D 
posium: Pharmacology and 
'herapeutic Considerations of 
niodipine, a New 1,4- 
lihydropyridine Calcium 
tagonist 
e, a long-acting calcium antagonist 
ices ischemia-induced ventricular 
delay in pig hearts; 781 








































> -Amlodipine pretreatment and the ischemic 


~ heart; 654 

Calcium antagonists: review and perspective on 
mechanism of action; 31 

Cardioprotective effects of amlodipine in the 
ischemic-reperfused heart; 1011 

Cellular electrophysiology of amlodipine: 
probing the cardiac L-type calcium channel; 
351 

Effects of amlodipine on myocardial ischemia- 

reperfusion injury in dogs; 941 

Effects of amlodipine on renal hemodynamics; 
1221 

Effects of calcium antagonists on lipids and 
atherosclerosis; 129] 

Hemodynamic and electrophysiologic effects of 
amlodipine, a new calcium channel blocker; 
711 

Hydrophobic calcium channel ligands: 

-methodical problems and their solution; 431 

Inhibition by amlodipine of activity evoked in 

‘isolated human coronary arteries by 
endothelin, prostaglandin Fz, and. 
depolarization; 581 

Introduction; 11 

Pharmacologic profile of amlodipine; 101 

Protection of regional mechanics and 
mitochondrial oxidative phosphorylation by 
amlodipine in transiently ischemic 
myocardium; 841 

Relaxation of potassium chloride-induced 
contractions by amlodipine and its 
interaction with the 1,4-dihydropyridine- 
binding site in pig coronary artery; 511 

Vascular effects of calcium antagonists: 
implications for hypertension and other risk 
factors for coronary heart disease; 1171 

Symposium: The George E. Burch 
Festschrift 

Albumin uptake by renal lymphatics with and 
without obstruction of the renal vein; 510 

Changes by two-dimensional echocardiography 
in the myocardial appearance of patients — 
with end-stage renal disease; 400 

Computerized segmental plethysmography and 
laser flowmetry; 57C 

Electrocardiographic wave form and cardiac 
arrhythmias; 296 

Foreword-George Burch and the scientist $ 
passion; 1C 

George Edward Burch, MD, 1910-1986; 3c 

Insight. into a bad omen for white men: 


coronary artery disease—the Bogalusa Heart 


- Study; 32C 
Interactions between circulating peptides and. 
the central nervous system in hemodynamic 
regulation; 440 

Pathologic anatomy of the dilated 
cardiomyopathies; 9C 

Relation between the ventriculographic 
silhouette and topography of thoracic 
potential in coronary artery disease; 20C 

Type A behavior: its diagnosis, cardiovascular 
relation and the effect of its modification on 

_ recurrence of coronary artery disease; 12C 

Syndrome X 
Lack of evidence for alpha- adrenergic receptor- 
mediated mechanisms in the genesis of 
ischemia in syndrome X; 264 


new 1,d-dihydropyridine calcium i 
articulariy : 
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Tetralogy of Fallot with absent 


inne erm availability ofa angina -pectori 
electrocardiographic signs of isch nan 
syndrome X; 139 W r 
Systemic hypertension as 
See also Blood pressure; Hypertension > 
Effectiveness of doxazosin in systemic 
hypertension; 203. 
Systolic function 
Improvement of diastolic function after revers 
of left ventricular hypertrophy induced- by. 
long-term antihypertensive treatment with 
tertatolol; 745. 
Tachycardia 
See also Supraventricular tachycardia; 
Ventricular tachycardia 
Multicenter long-term results of antitachyca 
pacing for supraventricular tachycardias; 
Operative therapy of atrioventricular nod 
reentry and results of an anatomically 
procedure; 1327 | i 
Tachycardia ablation 
Effect of selective intracoronary antiattti 
drug administration in sustained ventric 
tachycardia; 475 oo sae 
Technetium-99m isonitrile | 
Use of technetium-99m isonitrile (RP: 308). | 
assessing left ventricular perfusion and ` 
function at rest and during exercise in’ 
coronary artery disease, and oe 
with coronary arteriography and exercise 
thallium-201 SPECT imaging: 270 
Tetralogy of Fallot 
Comparison of cardiovascular adjustments to r: 
exercise in adolescents 8 to 15 years of age 
after correction of tetralogy of Fallot, - : 
ventricular septal defect or atrial septal 
defect: 213 








































































pulmonary valve 

Prenatal diagnosis and. circulatory TF 
characteristics in tetralogy of Fallot with, 
absent pulmonary valve; 547 

Thallium | 

Exercise thallium-201 scintigraphy and ae 
prognosis in typical angina pectoris and - 4 
negative exercise electrocardiography, 282 — o cios o) 

Predictive value of quantitative dipyridamole- RS 
thallium scintigraphy in assessing Coda 
cardiovascular risk after vascular surgery in. 0 una e 
diabetes mellitus; 1275 , i 

Usefulness of the severity and extent of ane 
reversible perfusion defects during thallium- © =: 
dipyridamole imaging for cardiac risk ==. 
assessment before noncardiac surgery; 276 

Thallium-201 oe 

Prognostic. value of atrial pacing and thallium- — ` 
201 scintigraphy i in patients with stable 
chest pain; 987 

Prognostic value of intravenous dipyridamole 
thallium scintigraphy after an acute 
myocardial ischemic event; 161 

Usefulness of thailium-201 scintigraphy in 
predicting the development of angina — 
pectoris in hypertensive patients with left 
ventricular hypertrophy; 45 

Use of technetium-99m isonitrile (RP- 30A) i in 
assessing left ventricular perfusion and 
function at rest and during exercise in 
coronary artery disease, and comparison 
with coronary arteriography and exercise 
thallium-201 SPECT imaging; 270 
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~ states in normal subjects; 1022. 
allium-20 i myocardial — 
‘scintigraphy 


_ scintigraphy in hypertrophic 
-. cardiomyopathy; 498 
heophylline 
omparative effects of theophylline and 
` isosorbide dinitrate on exercise capacity in 
“stable angina pectoris, and their mechanisms 
of action; 1098 
erapeutic anticoagulation 
mpact of late coronary artery reperfusion on 
left ventricular function one month after 
-acute myocardial infarction (results from the 
< ISAM study); 878 
hermodilution | 
ffect of tricuspid regurgitation on the 
~~ reliability of the thermodilution cardiac 
> Output technique in congestive heart failure; 
G45 
rhrombolysis 
x „influence of thrombolytic ieman followed by 
=> full dose anticoagulation on the frequency of 
~~. left ventricular thrombi in acute myocardial 
infarction; 588- 
Predictive value of indium-111 antimyosin 
-uptake for improvement of left ventricular 
wall motion after thrombolysis in acute 
myocardial infarction; 167 
Urokinase plus heparin versus aspirin in 
unstable angina and non-Q-wave myocardial 
infarction; 840 
Thrombolytic therapy 
Acute myocardial infarction complicating | 
recanalization of aortocoronary bypass grafts 
with urokinase therapy; 683 
- Correlation of baseline plasminogen activator 
inhibitor activity with patency of the infarct 
artery after thrombolytic therapy i in acute 
- myocardial infarction; 1231 . 
-Safety of intraaortic balloon counterpulsation in 
patients with acute myocardial infarction — 
oo ooo ii receiving streptokinase intravenously; 937 
o Thromboxane 
~~. Superior antiplatelet action of alternate day 
et _ pulsed dosing versus split dose 
administration of aspirin; 1185 
i Thrombus 
-< Detection of left atrial thrombi by two- _ 
> dimensional echocardiography and surgical 
- correlation in 148 patients with mitral valve 
i disease; 243 
7 -Successful percutaneous transvenous catheter 
balloon mitral commissurotomy after 
A z warfarin therapy and resolution i left atrial 
zo thrombus; 126 : 
‘issue plasminogen — : 
ffect of combined administration of pple 
and single-chain alteplase on coronary 
o recanalization | in acute myocardial infarction; 


“Intermittent, dose- related fluctuations of pain’ 
_and ST elevation: during infusion of 
recombinant tissue plasminogen activator 
4d ng aote pone infarction, 225 


Tolerance | : eee | 
_.. Sustained effect ts and lack of tama of 


ith and without aminophylline, and exercise | 


ignificance of positive or negative thallium- 201 


A dimensional echocardiography; 1004 , 


tolerance to controlled-release isosorbide-5- 
mononitrate in chronic stable angina — 
pectoris; 569 
Tolerance with low dose intravenous 
nitroglycerin therapy in acute myocardial 
infarction; 581 
Transcoronary techniques 
Transcoronary techniques and cardiac 
arrhythmias; 534 
Transesophageal 
echocardiography | 
A quantitative comparison of transesophageal 
and epicardial color Doppler 
echocardiography in the intraoperative 
assessment of mitral regurgitation; 1168 
Transient factors 
Ambulatory electrocardiographic findings in 
out-of-hospital cardiac arrest secondary to 
coronary artery disease; 801 
Transmural myocardial ischemia 
ST-segment changes during transmural 
myocardial ischemia in chronic left bundle 
branch block: 1216 
Transplant coronary artery 
disease 
Acute myocardial infarction in cardiac 
transplant recipients: 1093 
Transthoracic impedance 
Electrode pad size, transthoracic impedance and 
success of external ventricular defibrillation; 
741 
Treadmill 
Usefulness of esophageal pili electrode atrial 
pacing with quantitative two-dimensional 
echocardiography for diagnosing coronary 
artery disease; 730 
Treatment 
inefficacy of daily single bolus dose atrial 
natriuretic factor in chronic congestive heart 
failure; 948 
Tricuspid atresia 
Occurrence of congenital heart defects in 
siblings of patients with univentricular heart 
and tricuspid atresia; 768 
Tricuspid insufficiency 
Prevalence of multivavular regurgitation in 
athletes; 209 
Tricuspid regurgitation 
Effect of tricuspid regurgitation on the 
reliability of the thermodilution cardiac 
output technique in congestive heart failure; 
945 
True ventricular aneurysm 
Redefining true ventricular aneurysm; 1192 
T-wave on electrocardiogram 
Rapid T-wave normalization after balloon 
pulmonary valvuloplasty in children; 399 
Two-dimensional 
echocardiography 
See also Doppler; Echocardiography 
Detection of left atrial thrombi by two- 
dimensional echocardiography and surgical 


correlation in 148 patients with mitral valve | 


disease; 243 
Two-dimensional echocardiography and Doppler 
findings in cerebral arteriovenous 
malformation; 252 
- Usefulness of nuclear magnetic resonance . 
{maging for evaluation of pericardial — 
- effusions, and comparison with two- =- 


-= Valsalva maneuver 


` Valvular cardiac myxoma | 

















3 prognos ic sig it 
“of type A behavior and silent myocardial a 
lean on the treadmill; 1280 ° = > 
Type A personality — ey, eee 
Type A behavior and survival: a follow- up stud 
of 1,467 patients with soronany ariei 
disease; 427 z 
Typical angina 
Exercise thallium-201 taaah and. 
prognosis in typical angina pectoris id. 
negative exercise electrocardiography; 28; 
Ultrafast cine computed 
tomography 
Doppler echocardiography and ultrafast cine 
computed tomography during dynamic.. - 
exercise in chronic parenchymal pulmonar 5; 
disease; 528 
Ultrasonic debridement s : 
Ultrasonic debridement of the aortic valve with 
six-month echocardiographic follow- “Up; 1206 
Ultrastructure a 
Scanning electron microscopy of operatively 
excised severely regurgitant "oppy mitrat- 
valves; 392 - 
Univentricular heart dns 
Occurrence of congenital heart defectsin == 55 
siblings of patients with univentricular heart 
and tricuspid atresia; 768 SE Se 
Unstable angina : 
Risk of adverse outcome in patients admitted t to 
the coronary care unit with suspected- 
unstable angina pectoris; 845 
Urokinase plus heparin versus aspirin in- 
unstable angina and non-Q-wave tall 
infarction; 840 ae 
Unstable angina pectoris l 
identifying patients at high risk for restenosis 
after percutaneous transluminal coronary. 
angioplasty for unstable angina pectoris; 289 
Qualitative and quantitative comparison of- 
amounts of narrowing by atherosclerotic = 
plaques in the major epicardial coronary 
arteries at necropsy in sudden coronary 
death, transmural acute myocardial -` 
infarction, transmural healed: myocardial ` | 
infarction and unstable angina pectoris, a 3 
Urokinase _ a 
Urokinase plus heparin versus aspirin in. me 
unstable angina and non -Q-wave myocardial 
infarction, 840 pan 
Urokinase plasminogen — — © 0s 
Effect of combined administration of saruplase 
and single-chain alteplase on coronary. 
el in acute myocardial infare | 
22 oe 





















Noninvasive assessment of central circle 
pressures by analysis of ear densitogray 
changes during the Valsalva maneuve x 


_ Myxoma attached solely to the tricuspid valy 
54G | 
Valvular heart disease = 
Prevalence of multivavular regugitatio } 
athietes; 209 ine 
Valvular regurgitation De 
Prevalence of multivavular regurgitatio a. 
athletes; 209 $ 
Vascular surgery- 





Venous contrast echocardiography 
Use of venous contrast echocardiography for 
diagnosis of cardiac tamponade; 691 
Venous return 
Reduced exercise capacity of chronic 
obstructive pulmonary disease patients 
exercising with noseclip/mouthpiece; 1180 
Venous thrombosis 
Early image acquisition after administration of 
indium-111 platelets in clinically suspected 
deep venous thrombosis; 363 
Ventilatory threshold 
Cardiorespiratory response to exercise in 
congenital complete atrioventricular block; 
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-New evidence continues to 
confirm the essential value of 


LANOXIN'in CHF. 
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nproved ejection fraction 


t recent double-blind, placebo-controlled study! 
yatients with normal sinus rhythm, digoxin pro- 
ed a significant increase in ejection fraction 
npared to captopril (P<.05) and placebo 

‘.01). By contrast, there was no significant 
erence between captopril and placebo. 


yrovement in ejection fraction represents 
rovement in myocardial contractile perfor- 
ace and better emptying of the left ventricle. 


Percent Improvement in Ejection Fraction* 





Placebo 


Captopril 
ited from the Captopril-Digoxin Multicenter Research Group study. ‘ 
5 compared to captopril; P<.01 compared to placebo. 
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nproved cardiac output 


Os itive inotropic effect of digoxin 





ciated with improved left ventricular 
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Improved exercise tolerance 
In anew placebo-controlled study* of CHF patients : 
with normal sinus rhythm and on diuretics, exer- 
cise tolerance (treadmill) was improved 14% | F 
(P<.05) by digoxin. In this study, digoxin pro- i 
duced favorable effects on cardiac function beyone i i 
those of the diuretic alone. Another study* showed 
that digoxin significantly improved exercise toler- 
ance and O, consumption over placebo. In the $ 
latest digoxin/captopril study, there was no signifi- 
cant statistical difference between the two drugs 
with regard to effects on exercise tolerance and 
functional class. ! 
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Diuretic Baseline 


Digoxin 
* Adapted from DiBianco et al.” i f; . . -2 is 
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ore using Lanoxin Tablets, the physician should be thoroughly familiar with 
basic pharmacology of this drug as well as its drug interactions, indications, 


d usage. 
DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
common pied effects on the myocardium. 


Failure: The increased cardiac output resulting from the inotropic action of digoxin ameliorates the distur- 
characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 
j Xin is more effective in “low output” (pump) failure than in “high output” heart failure secondary to arteriovenous 
istula, anemia, infection or hyperthyroidism. 
ipoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstrated in aimost ali patients, coras- 
ponding improvement in the signs and symptoms of heart failure is not necessarily apparent. Therefore. in patients in 
whom digoxin: may be difficult to regulate, or in whom the risk of toxicity may be great {e.g., patients with unstable 
renal function or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. if 
igoxin is discontinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
CONTRAINDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 
given patient, an untoward effect requiring permanent discontinuation of other digitalis preparations usually 
institutes a contraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to 
0 in, -though rare, does occur. It may not extend to ali such preparations, and another digitalis glycoside may be 
ied with caution, 
ARMINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 
ialis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse 
cts, the use of these drugs solely for the treatment of obesity is dangerous. 
rexia, nausea, vomiting. and arrhythmias may accompany heart failure or may be indications of digitalis 
ication. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis 
administration. In-such circumstances determination of the serum digoxin concentration may be an aid in deciding 
ef Of not digitalis toxicity is likely to be present. if the possibility of lial intoxication cannot be excluded, 
cardiac. ‘glycosides should be temporarily withheid, if permitted by th 
incat situation. 
Patients with renal insufficiency require smaller than usual maintenance 
doses of digoxin (see DOSAGE AND ADMINISTRATION section in the com- 
plete prescribing information). 
: Heart failure accompanying acute glomerulonephritis requires extreme care 
in digitalization. Relatively low loading and maintenance doses and concomi- 
tant use of antihypertensive drugs may be necessary and careful monitoring 
“js essential. Digoxin should be discontinued as soon as possible. 
EIS Patients with severe carditis, such as carditis associated with rheumatic 
noe: fever or viral myocarditis, are especially sensitive to digoxin-induced distur- 
| bances of rhythm. 
“Newborn infants display considerable variability in their tolerance to digox- 
“one Premature and immature infants are particularly sensitive, and dosage 
ooo. must not oniy be reduced but must be individualized according to their 
© degree of maturity. 
ae jong glycosides are an important cause of accidental poisoning in 


-- General: Digoxin toxicity develops more frequently and lasts longer in 
“patients with renal impairment because of the decreased excretion of digox- 
it. Therefore, it should be anticipated that dosage requirements will be 
cc @pereased in patients with moderate to severe renal disease (see DOSAGE 
CAND ADMINISTRATION section in the compiete prescribing information). 
-> Because of the prolonged half-life, a longer period of time is required to 
cc achieve an initial or new steady-state concentration in patients with renal 
< c impairment than in patients with normal renal function. 
“in patients with hypokalemia, toxicity may occur despite serum digoxin 
oS gencentrations within the “normal range”, because potassium depietion 
oo. sensitizes the myocardium to digoxin. Therefore, it is desirable to maintain 
“= pormal serum: potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, 
oo cgnpphotericin Bor corticosteroid therapy, and from dialysis or mechanical suction ot gastrointestinal secretions. It 
May also accompany malnutrition, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, 
oo rapid changes in serum potassium or other electrolytes shouid be avoided, and intravenous treatment with potassium 
= should be reserved for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
“BY OVERDOSAGE section). 

- “Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, 
hypocalcemia can nuillify the effects of digoxin in man; thus, digoxin may be ineffective until serum caicium is restored 
to normal. These interactions are related to the fact that calcium affects contractility and excitability of the heartin a 
manner similar to digoxin. 
may A LAE to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
placement therapy should be instituted 
verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
May result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
ce and, in the case of quinidine, decreased volume of distribution as well. 
ntibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 
macokinetics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). 
ent studies have shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to 

inactive reduction products, thereby reducing its bioavailability. Although inactivation of these bacteria by 
iotics is rapid, the serum digoxin concentration will rise at a rate consistent with the elimination half-life of 
xin. The magnitude of rise in serum digoxin concentration relates to the extent of bacterial inactivation, and may 
much as two-fold in some cases. Patients with acute myocardial infarction or severe pulmonary disease may be 
ually sensitive to digoxin-induced disturbances of rhythm. 
thmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
avoid toxicity if large: doses of digoxin are required. in hypothyroidism, the digoxin requirements are 
igoxin responses in patients with compensated thyroid disease are normal. 
f digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 
but the physician must consider the consequences of rapid increase in ventricular response to atrial 
if digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 
aversion should be delayed. If itis not prudent to delay cardioversion, the energy level selected should 
first and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 
ee aid in patients with Stokes-Adams attacks, may progress to advanced or complete heart 


















































ith. Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of 
vy ey To This effect may result in extremely rapid ventricular rates and even 


ive i doi is may t rapona to digoxin. i addition, stowing of the heart rate by 
urther dec Output. 
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Digoxin may produce false positive: ST-T changes in the ng 
intramuscular injection of digoxin is: extremely painful and offers no advantages unt ss Other routes OF at 
are contraindicated: Ea 

Laboratory Tests: Patients receiving digoxin should have their serum electrolytes ad one i function (BUN a 
serum creatinine} assessed periodically: the frequency of assessments will depend on the clinical setting. For 
discussion of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing 
information. 

Drug interactions: Potassium-depieting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with: the 
implication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who 
inactivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheling 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer drugs may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs on 
the serum digoxin concentration. Thyroid administration to a digitalized hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinyicholine may cause a sudden extrusion of potassium from 
muscie cells, and may thereby cause arrhythmias in digitalized patients. Although 8 adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their additive effects: on AV node 
conduction can result in complete heart block. 

Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when 
patients receive coadministered medications, 

Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals t 
evaluate carcinogenic potential. 

Effects: Pregnancy Category ©. Animal reproduction studies have not been conducted. with 
digoxin. iti is aiso not known whether digoxin can cause fetal harm when administered to a pregnant woman orca affect 
reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. However, 

the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this amount 
should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digoxin i is 
administered to a nursing woman. 
ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route: ot 
administration, as weil as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section). 
The overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them being considered 
serious {one to four percent of patients receiving digoxin). Evidence suggests that the incidence of toxicity has 
decreased since the introduction of the serum digoxin assay and improved 
standardization of digoxin tablets. Cardiac toxicity accounts for about one- 
half, gastrointestinal disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. ; 


IN THE EARLY TREATMENT OF CHF Oer dlas- iiot or multiform ventricular premature sonia 


LANOXIN 


B s 
| block. 
q | OXI nN 90 lets Note: The electrocardiogram is fundamental in determining the presence and 
nature of these cardiac disturbances. Digoxin may also induce other chariges 


especially in bigeminal or trigeminal patterns, are the most common ät- 
rhythmias associated with digoxin toxicity in adults with heart disease. ` 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular 
(AV) dissociation, accelerated junctional (nodal) rhythm and atrial tachycar- 
dia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the puise is a clinical sign of digoxin overdosage. AV 
block {Wenckebach} of increasing degree may proceed to completa heart 


in the ECG (e.g. PR protongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 
Gastroiatestinai— Anorexia, nausea, vomiting and less commonly diarrhea 
are common early symptoms of overdosage. However, uncontrolled heart 
failure may also produce such symptoms. Digitalis toxicity very rarely may 
cause abdominal pain and hemorrhagic necrosis of the intestines. a 
CNS——Visuai disturbances (blurred or yellow vision), headache, weakness, 
apathy and psychosis can occur. 

Other-—-Gynecomastia is occasionally observed. 

infants and Children: Toxicity differs from the adult in a number of spc. 
Anorexia, nausea, vomiting, diarrhea and CNS disturbances may be present 
but are rare as initial symptoms in infants. Cardiac arrhythmias are more 
reliable signs of toxicity. Digoxin in children may produce any arrhythmia. 
The most commonly encountered are conduction disturbances: or Supra- 
ventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional {nodal} dia. 
Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending digoxin intoxication 
especially in infants, even in the absence of first degree heart block. Any arrhythmia or alteration in cardiac comnts 
that develops in a child taking digoxin should initially be assumed to be a consequence of digoxin intoxication. ; 
TREATMENT OF ARRHYTHMIAS PRODUCED BY AGE: 

Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be all that’ iS necessary 
toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. <5: 
Potassium salts are commonly used, particularly if hypokalemia is present. Potassium chioride in divided oral doses 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is. adequate (see 
below for potassium recommendations in Infants and Children). E 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassi r 
should be administered intravenously in 5% dextrose injection. For adults, a totai of 40 to 80 mEq (ited te 
concentration of 40 ee per 500 mi) may be given ata rate not exceeding 20 mEq per hour, or slower if hinge jäi! 






































observe the effect on the arrhythmia, The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primari 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainam 
and phenytoin. although use of the latter must be considered experimental. in advanced heart 
ventricular pacing may be beneficial. Digoxin immune Fab {Ovine}, Digibind®, can be used to reve 
threatening digoxin (or digitoxin} intoxication. improvement in signs and symptoms of digitalis toxi 
within ¥2 hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin ( 
body store of an adequately digitalized 70 kg patient). 
infants and Children: See Adult section for general recommendations for the treatment of artyth 
overdosage and for cautions regarding the use of potassium. 
if a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling i 
kilogram {kg} body weight (1 gram of potassium chloride contains 13.4 mEq K+}. ` 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per 
given intravenously, with careful ECG monitoring. The intravenous solution of potassium should-be dili 
avoid local irritation: however, especially in infants, care must be taken to avoid intravenous fi 
DOSAGE AND ADMINISTRATION: Recommended dosages are average values that may 
modification because of individual sensitivity or associated conditions. Diminished + ren ful 
important factor requiring modification of recommended doses. 
in deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require farger doses than heart failure 
2. The body weight of the patient. Doses should be calculated based upon lean or idea! body: wei 
3. The patient’ s renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age isan important factor in infants and children. 
5. Concomitant disease states, drugs or other factors likely to alter the ate clinical f 
PRECAUTIONS and Drug interactions sections). 
Consult complete product information before prescribing. 


Copr. © 1988 Burroughs Wellcome Co. All rights reserved. ae, 











AMERICAN JOURNAL OF CARDIOLOGY 
DECEMBER 1989 
ADVERTISERS INDEX 





r Aa aR. <u bf alone eth ata os Young "aia ee A Ww oe GE cow Re "ewe A70 
Adria Laboratories, Div. of Erbamont Inc. .................. A65 
SS SS a eee oe E Bee Uy” aes, PANA A105-A106 
E ADAE 0 a elisa: Spi’ b Sip io. aha Sa T ANEA. A52 
Boehringer Ingelheim Ltd. ..............0220008 A89-A90, A97 
N OONAN coin sie Sak Welles cs wn ewe Ey Cae Bikes A33 
Burroughs Wellcome Co... 2.0... ccc ee seas A112A-A114 


Geigy Pharmaceuticals Div. of Ciba-Geigy Corp. ................ 
a SRG e G's a So aie, 6 a acy b wits vee aoa ees 3rd & 4th Covers 


RNC Rr ae me ae Ring 1x glad eye adeke oleate A83-A84 
Ue eae iden SOA oak Bl a oke E a Shan ehs A49-A50 
SE es are He ee an A5, A51, A110-A111 


ICI Pharma Div. of ICI Americas Inc. 
o a AA E EE came A55-A56, A73-A74, A101-A104 


EAS, “PIG 55. oi, ae a a a E sashes Boece A35-A36 
E E ER A E E T N aio E A63 
Mallinckrodt Inc., Diagnostic Products, Inc................ A7-A8 
Marion Laboratories ............... A9-A10, A71-A72, A95—-A96 
Pacesetter Systems, Inc., A Siemens Company............ A116 


Parke-Davis Div. of Warner-Lambert Co. 
_. NA A E 2nd Cover-A1-A2, A45-A46, A80-A82 
Pfizer Laboratories Div. Pfizer Inc. .......... A39-A42, A87-A88 


PPG Biomedical Systems, Inc.............cc cece eer ansa a A37 
Princeton Pharmaceutical Products ................... A16-A18 
Robins Pharmaceuticals Div., A. H......... A25-A26, A107-A108 
Roche Laboratories a division of Hoffmann-LaRoche, Inc.......... 

NE aiid an Saab ae a) he, bo Bao Ak Ble A A and Oe A98-A100 
LT. ARREA EEA E US EEE evel A109 
Searle Pharmaceuticals Inc. ....... A20-A22, A75-A78, A93-A94 
Southern California Permanente Medical Group ............ A112 
TNS os adapa « inin pS ene Mis Win a Pa © pe hl de WR wuss A43 
Stuart Pharmaceuticals, Div. of ICI Americas, Inc. ....... A27-A30 
Summit Pharmaceuticals, Div. of Ciba-Geigy Corp. ...... A85-A86 
Sumercwaporatories, INC... ce ele a id eaa A59-A62 
EM E.'s EE L INET bie wo EE ieee hit E T A79 
Wyeth-Ayerst Laboratories .............0 2c cence eens A67-A68 





All possible care is taken in the preparation of this index. 
The publisher is not responsible for any errors or omissions. 


INTERVENTIONAL CARDIOLOGIST/DIREC- 
TOR, CARDIAC CATHETERIZATION LAB- 
ORATORY—Conemaugh Valley Memorial 
Hospital, a 412-bed, university-affiliated, 


teaching hospital and regional medical and 
trauma center, anticipates instituting interven- 
tional cardiology and open heart surgery in the 
spring of 1990. A career opportunity exists for 
an interventional cardiologist to design, devel- 


op and direct the Cardiac Catheterization Lab- 
oratory and related programs and provide in- 
terventional cardiology services for an 
established group of four cardiologists and the 
institution. Interested parties should contact: 
T. Michael White, M.D., Chairman, Depart- 
ment of Internal Medicine, CONEMAUGH 
VALLEY MEMORIAL HOSPITAL, 1086 Frank- 
lin Street, Johnstown, PA 15905-4398, (814) 
933-9403. An Equal Opportunity Employer. 





ACADEMIC ECHOCARDIOGRAPHER—Position available for a 
full-time echocardiographer in a busy, state-of-the-art, university 
laboratory at an Assistant Professor level. Expertise in trans- 
esophageal procedures and desire to do research and publish are 
essential. Interest in exercise echocardiography is desirable. Send 
CV to Gary S. Mintz MD, Director, Cardiac Ultrasound Laboratory, 
Hahnemann University Hospital, Philadelphia, PA 19102. 


CUSTOMER 
SERVICE 


1. Change of Address? 
Please call us 6-8 weeks in 
advance if you are moving. 














2. Questions or Problems? J 
Are you encountering any problems with your 
subscription? Need single copies or additional 
subscriptions? Call us toll free. 


3. Gift Giving? 
The journal makes a useful, timely gift to 
colleagues. Simply call to place your orders. 












(call toll free) 


1-800-327-9021 





The world leader in DDD pacing introduces DDDR. 








Sensor-Controlled 
Dual-Chamber 





With Synchrony, bradycardia 
pacing therapy will never be 
the same. 


Since it's a sensor-controlled 
DDDR pacemaker, Synchrony 
assures both AV synchrony and 
rate modulation during all levels 
of physical activity. 

For patients like 39-year-old junior 
high school biology teacher and 
weekend basketball player Gary 
Norgan, whose first conventional 
DDD pacemaker caused him to 
tire easily, “Synchrony turned my 
life around.’ 


Pacing 





For 33-year-old real estate execu- 
tive Deborah Rurik, sinus brady- 
cardia and second-degree heart 
block severely restricted her life. It 
forced her to give up aerobics and, 
even worse, limited an active life 
with her 6-year-old daughter. 

Now, thanks to Synchrony, that's 
all changed. And as Deborah 
happily says, “Synchrony gave me 
my life back.” 





And for 80-year-old Charles 
Linfesty, D.D.S., who lifts weights, 
exercises on a stationary cycle, 
uses a trampoline, trapshoots, and 
just completed a 23-day fishing trip 
off Baja and Panama, “Synchrony 
has given me back my freedom.’ 


Synchrony makes all the difference 
in their lives, and can make all the dif- 
ference in your patients lives, too. 
For more information, contact your 


local Pacesetter representative, or 
call toll-free (800) 777-2237 


Now, the world leader in DDD pac- 
ing introduces DDDR: Synchrony. 


It changes pacing for life: 
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Systems, Inc. | 9 V 
Sylmor, CA USA 


7 
Synchro NP 
i £ v A 
` s 4 


i + i ‘ = c wii ay 


Pacesetter” Systems, Inc. 
A Siemens Company 

12884 Bradley Avenue 

Sylmar, CA 91342 

(800) 777-2237 


three times daily, 


Lopressor’ 


metoprolol tartrate USP 
Tablets 

oe 

Pre tied Syringes 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris 

Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial infarction 

Lopressor ampuis, prefilled syringes, and tablets are indicated 
in the treatment of hemodynamically stable patients with defi- 
nite or suspected acute myocardial infarction to reduce cardio- 
vascular mortality. Treatment with intravenous Lopressor can 
be initiated as soon as the patient's clinical condition allows 
{see DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, 
and WARNINGS). Alternatively, treatment can begin within 

3 to 10 days of the acute event (see DOSAGE AN 
ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertensian and Angina 

Lopressor is contraindicated in sinus bradycardia, heart Block 
reater than first degree, cardiogenic shock. and overt cardiac 
ailure (see WARNINGS). 

Myocardial infarction 

Lopressor is contraindicated in patients with a heart rate 

< 4§ beats/min; second- and third-degree heart block; signifi- 

cant first-degree heart block (P-R interval = 0.24 sec); systolic 

blood pressure < 100 mmHg; or moderate-to-severe cardiac 

failure (see WARNINGS). 


WARNINGS 
Hypertension and Angina 
Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
in hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. 

in Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. if cardiac failure continues, de- 
apie adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-biocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. If angina markedly worsens or 
acute sorana insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients shouid 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


8roachospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 

-bronchospastic disease who do not respond to, or cannot 

tolerate, other antihypertensive treatment. Since beta, se- 
lectivity is not absolute, a beta,-stimulating agent should be 
administered aly and the lowest possible dose of 
Lopressor should be used. tn these circumstances it would 

.. be prudent mnn to administer Lopressor in smaller doses 

nstead of larger doses two times daily, to 

-avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial: 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. l sett oa 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents. e.g., dobutamine or iso- 
proterenol. However, such patients may be subject to pro- 
tracted severe o Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and hypogiyramii Lopressor shouid be used 
with caution in diabetic patients if a beta-biocking agent is- 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
‘clinical signs (e.g., tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawai of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial Infarction 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimat cardiac failure. 



















During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients: this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
terior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg} should be administered intra- 
venously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker shouid 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- {P-R interval =0.26 sec}, second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) shouid be administered intravenously. 
if treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol! or installation of a cardiac pacemaker 
should be considered. 

Hypotension: if hypotension (systolic diood pressure 
= 90 mmHg) occurs, Lopressor shouid be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation. or other 
treatment modalities shouid be instituted. if hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. H bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theaphyiline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 
PRECAUTIONS 
General 
Lopressor shouid be used with caution in patients with im- 
paired hepatic function. 
information for Patients 
Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meais. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined: (2) to contact the physician if any ditti- 
culty in breathing occurs: (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
Serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug interactions . 

Catecholamine-depieting drugs {e.g., reserpine} may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depietor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility 
Long-term studies in animais have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of uP to 800 mg/kg per day, there was no in- 
crease in the deveiopment of spontaneously occurring benign 
of malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither shes represents symptoms of a known 
disease entity in man. Ina 21-month study in Swiss albino mice 
at three orai dosage jeveis of up to 750 mg/kg per day, benign 
lung tumors {smali adenomas} occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
trol animais. There was no increase in malignant or total 
(benign plus malignant) tung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-t mice, and no statistically or biologically 
Significant differences were observed between treated and con- 
trol mice of either sex for any type of tumor. 

Ail mutagenicity tests performed (a dominant lethal study in 
mice, chromosome Studies in somatic celis, a Saimonelia/ 
mammatian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimpiantation loss 
and decrease neonatal survival in rats at doses up to $5.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women, Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very smali quantity. An 
infant consuming 1 liter of breast milk daily would receive a 


dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. _ 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory toss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities: — 
arterial insufficiency, usually of the Raynaud type: palpitations: 
congestive heart failure: peripheral edema: and hypotension 
have been reported in about 1 of 100 patients. hr CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of abet 
100 patients. Nausea. dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about fof ae 
100 patients. , 

Hypersensitive Reactions: Pruritus or rash have occurred in 
earn 100 patients. Worsening of psoriasis has alse been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100.000 patients. Musculoskeletal pain, biurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia. 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

The oculomucocutaneous syndrome associated with the beta 
blocker practolo! has not been reported with Lopressor. 
Myocardial infarction l 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo. sleep disturbances, hailucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 
Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) | 
Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree heart block 
First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec} 
Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 
Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 
Dermatologic: Rash and worsened psoriasis have been 
reported, buta a relationship is not clear. 
Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 
Potential Adverse Reactions 
A variety of adverse reactions not listed above have been re- 
a with other beta-adrenergic blocking a jae and should 
e considered potential adverse reactions to Lopressor. 
Central Nervous System: Reversible mental depression pro- 
gressing to catatonia: an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, anc de- 
creased performance on neuropsychometrics. 
Cardiovascular: intensification of AV biock (see CONTRA- 
INDICATIONS). 
Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, SL Ae al purpura, 
Hypersensitive 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
e ii of overdosage have been reported, some leading 
to death. o 
Oral LDsg's (mg/kg): mice, 1158-2460: rats, 3090-4670. 
Signs and Symptoms 


Potential signs and symptoms associated with overdosage with = 


Lopressor are bradycardia, hypotension. bronchospasm, and — 
cardiac failure. 
Treatment 
There is no specific antidote. 

in general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pa- 


tients and should be treated accordingly (see WARNINGS, Myo- fe 


cardial infarction). Re a 

On the basis of the pharmacologic actions of Lopressor, the = 
following generai measures should be employed: 

Elimination of the Drug: Gastric lavage should be aS 
performed. beer 

Bradycardia: Atropine should be administered. if there is no- 
response to vagal blockade, isoproterenol shouid be adminis- 
tered cautiously, 

Hypotension: A vasopressor shouid be administered. e.g., 
levarterenol or dopamine. 

Bronchospasm: A deta,-stimulating agent and/or a theo- 
phyiline derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic shouid be 

administered. in shock resulting from inadequate cardiat con- — 
tractility, administration of dobutamine, isoproterenol, ar 
glucagon may be considered. 
© 1989, Geigy. 536-9625-A C88-41 (Rev. 12/88) 


Geigy 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY 
Corporation 

Ardsley, New York 10502 











eactions: Fever combined with aching and ae 





MHRA, 


ate 


oe 


es 


be 


at 





SSRs T LA 





d Sym po alinti: 
rends in the Treatment 
- Rhythm Disorders 


GUEST EDITORS: 


A. John Camm, mD 
Professor of Clinical Cardiology 
Department of Cardiological Sciences 
St. George's Hospital Medical School © 
London, United Kingdom | 


ee ag Yoshio Watanabe, mp 
Professor of Medicine 
Cardiovascular Institute 
Fujita Gakuen Health University 
Toyoake, Aichi, Japan 












Kazuo Yamada, mp 

Professor of Medicine 
_ Nagoya University 
Nagoya, Aichi, Japan 





A YORKE MEDICAL JOURNAL/CAHNERS PUBLISHING COMPANY - 





American 
Journal 


DECEMBER 5, 1989 VOL. 64 NO. 20 


of 
Cardiology 


è 


A Symposium: 
New Trends in the Treatment of 
Rhythm Disorders 


GUEST EDITORS: 

A. John Camm, MD 
Professor of Clinical Cardiology 
Department of Cardiological Sciences 
St. George's Hospital Medical School 

= London, United Kingdom 


Yoshio Watanabe, MD 
Professor of Medicine 
Cardiovascular Institute 
Fujita Gakuen Health University 
Toyoake, Aichi, Japan 


Kazuo Yamada, MD 
Professor of Medicine 
Nagoya University 
Nagoya, Aichi, Japan 


This symposium was held February 6-7, 1989, in Acapulco, Mexico, and was sponsored by 
Roussel UCLAF, Roussel Medica K.K. and the Chugai Pharmaceutical Company Ltd. 


EDITOR-IN-CHIEF 
William C. Roberts, MD 


MANAGING EDITOR, SPECIAL PROJECTS 
Judith Wagner 


THE AMERICAN JOURNAL OF CARDIOLOGY. hd (ISSN 0002:9149) December 5, 1989, Vol. 
64, No. 20 (USPS: 505-750). ar ss 


$ tAd à 
it co Tiad ' 


Member, American Business Press, Inc. and Audit Bureau of Circulations. Published 4 times in January, SETAN 
June, July, September and October, and 3 times in March, April, May, August, November and December, by The 
Cahners Publishing Company, a Division of Reed Publishing USA, 275 Washington St., Newton, MA 02158-1630. 
Terrence M. McDermott, President; Jerry D. Neth, Vice President /Publishing Operations; J.J. Walsh, Financial 
Vice President / Magazine Division; Thomas J. Dellamaria, Vice President / Production and Manufacturing. 

SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the right to refuse 
unqualified subscribers. Subscribers agree that no article or any part thereof published in any editions of the 
American Journal of Cardiology received under this subscription agreement may be copied, recorded or repro- 
duced in any form or by any means, electronic or mechanical, including, among other things, photocopying or the 
storing of part or all of such articles on any information retrieval system, without the written permission of the 
Publisher. Address correspondence regarding subscriptions and changes of address to: THE AMERICAN JOURNAL 
OF CARDIOLOGY, 44 Cook Street, Denver, Colorado 80206-5800 (1-800-327-9021). Please include your Zip 
code and, in case of change of address, copy of old address label. Changes of address must reach the Journal one 


PUBLISHER, SPECIAL PROJECTS 
Kenton T. Finch 


PRODUCTION EDITOR 
Vicky Weisman 


PROOF EDITOR 
Mary Crowell 


S 


month preceding month of issue. Single copy price: Regular issues $10.00; Symposium and special issues $12.00. 
Subscription rate for individuals in field of publication: United States 1 year $66, 2 years $112, 3 years $158; 
Canada and all other countries 1 year $105, 2 years $178, 3 years $252; Residents and Medical Students: United 
States 1 year $33; Canada & all other countries 1 year $85. Institutions: United States 1 year $95, 2 years $162, 3 
years $228; Canada & all other countries 1 year $125, 2 years $213, 3 years $300. Air Mail available at additional 
charge of $150 per year. The Journal is not responsible for replacing missing issues unless the Circulation 
Department is notified of nonreceipt within 3 months of issue date. . 

Second class postage paid at Denver, CO, and at additional mailing office. Printed in U.S.A. Trademark™ in U.S. 
Patent Office. © Copyright 1989 by Reed Publishing USA: Saul Goldweitz, Chairman; Ronald G. Segel, President 
and Chief Executive Officer. All rights reserved. No part of this publication may be reproduced or transmitted in 
any form or by any means, electronic or mechanical, including photocopying, recording or by any information 
storage retrieval system, without permission of the copyright owner. Prices on bulk reprints of articles available on 
request. 

The Publisher assumes no liability for any material published in the Journal. All statements are the responsibility of 
the authors. 

MANUSCRIPTS: Address all manuscripts to William C. Roberts, MD, Editor-in-Chief, the American Journal of 
Cardiology, 7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 


POSTMASTER: Send address changes to: The American Journal of Cardiology, 44 Cook Street, Denver, Colorado 80206-5800. 


Cahners Publishing Company, A Division of Reed Publishing USA © Specialized Business Magazines for Building & Construction o Manufacturing o Foodservice & Lodging o Electronics & Computers o Interior Design © Printing o 
Publishing © Industrial Research & Technology o Health Care o Entertainment. Specialized Consumer Magazines: American Baby and Modern Bride 





sauis setts sop atatcer testes sai 
Soars Sia PEART E R 


ans 


apt 


SENS 
ees 


5 


Publisher's Note 


rhe opinions expressed in this presentation are those of the panelists and are not attributable — 
o the sponsor or the publisher, editor, or editorial board of The American Journal of Cardiolo- — 


gy. Clinical judgment must guide each physician in weighing the benefits of treatment against 
‘he risk of toxicity. References made in the articles may indicate uses of drugs at dosages, for 
eriods of time, and in combinations not included in the current prescribing information. 


AME 
ees 


EEE 


RRS 





ardiology 


-ASYMPOSIUM: | 
-NEW TRENDS IN THE TREATMENT OF 
i RHYTHM DISORDERS. | 


a 
Foreword | 
A. John Camm — 


Overview 


| An Outlook < on Future Trends i in the Treatment of Rhythm 
Disorders 
Leonard S. Dreifus 


Part I — Electrophysiology: New Aspects 


a Relevance of Cellular to Clinical Electrophysiology i in 
_ Interpreting Antiarrhythmic Drug Action | 
CE. Miles Vadgam Wiliams 


103. 

Classification of Antiarrhythmic Drugs Based on Ventricular 
‘Fibrillation Threshold | aoe: 
Kenichi Harumi, Takeshi Tsutsumi, Takeshi Sato, and Souichiro Sekiya 


New Observations on the Mechanisms of Antiarrhythmic 
Actions of Disopyramide on Cardiac Membranes | 
Masayasu Hiraoka, Keisuke Kuga, Seiko Kawano, Akihiko Sunami, and 
Zhen Fan | | 


Electrophysiologic Properties of Atrial Muscle in Paroxysmal 
Atrial Fibrillation | | 

Kunitake Hashiba, Muneo Tanigawa, Masahiko Fukatani, Akihiko Shimizu, 
Atsushi Konoe, Mitsuo Kadena, and Mitsuhiro Mori 


tonic Mechanisms of the Depression of Automaticity and 
onduction int the Rabbit | Atrioventricular Node Caused by ae 
r Metabolic Inhibition and Protective Actionof 





fe 


oe 


i: 


et 


i 
pd 


unna 





A 


oe Recent A ‘Advances | in A Understandi ing the Tiochaniems. f D 
Induced Torsades de Pointes Arrhythmias h 
Betty |. Sasyniuk, Maria Valois, and William Toy 


333 
Evaluation of Antifibrillatory Effects of Drugs 
Tsuneaki Sugimoto, Yuji Murakawa, and Iku Toda 


Part Il — Drug Treatment of Arrhythmias 


373 . a 
Hemodynamic Effects of Antiarrhythmic rug: ative 
inotropy Versus Influence on Peripheral Circulation 
Ludger Seipel and Hans Martin Hoffmeister 


41J _ 
Rate Dependence and Adrenergic Dependence of Arrhythm 
Philippe Coumel 


46) : 
Differentiation and Mechanisms of Prevention and Termination è 
of Verapamil-Sensitive Sustained Ventricular Tachycardia 
Hiroshi Kasanuki, Satoshi Ohnishi, and Saichi Hosoda 


50] 
Risk-Benefit Profiles of Antiarrhythmic Therapy 
Ronald W. F. Campbell and Kishore Nimkhedkar 


53] _ | 
Ventricular Ectopic Activity: Prevalence and Risk 
Frank C. Messineo 


573 ee 
Treatment of Ventricular Arrhythmias in the Coronary Patient: 
What Sort of Patient? For Which Rhythm Disorder? With 
Which Procedure? 

Gunnar Olsson and Nina Rehnqvist 


61) 

Arrhythmias and Their Treatment in Patients with Heart 
Failure 

Nina Rehnavist 


65) Oaa 


Recent Antiarrhythmic Drugs 
Patrice Jaillon and Milou Drici 


Partili = Nondrug Treatment of Arrhythmias 


703 $$ 


wore for Peata Termination 





aa 


Ay 


oe: 


nea Es 


gical Management of Tachyarrhythmias 
, Takuro Misaki, Makoto Tsubota, and Kazuki Ishida 


Takashi Iwa. 


-Gerard M. 


-Raymond \ 


iternatives for Supraventricular Tachycardias 
uiraudon, George J. Klein, Arjun D. Sharma, and 


fee 


summary 
‘oshio Watanabe 


BOR B $ 
AEA EAEE 
ENEE T VAA 


fag Hannes 


no 








KEENE 
merican 


Journal 


of 
Cardiology 


Foreword 


A. John Camm, MD, FESC 


rhythmias. Antiarrhythmic drugs abound, inge- 

nious operations have been devised for the man- 

agement of resistant arrhythmias, and there is a plethora 

of implantable devices for arrhythmia control. Hence, it 

is timely to review these new trends, together with new 

information on the basic mechanisms of arrhythmias and 
the actions of antiarrhythmic drugs. 

In the context of the Vaughan Williams’ classification 

of antiarrhythmic drugs, disopyramide is a class I agent 

with intermediate onset/offset kinetics similar to those of 


[Ts is a revolution in the treatment of cardiac ar- 


quinidine and unlike the prolonged kinetics of drugs such 


as flecainide and encainide. Disopyramide is therefore 
classified as a class IA agent. It also has anticholinergic 
properties that contribute to a unique electrophysiologic 
and antiarrhythmic profile: effective at all levels and par- 
ticularly in the setting of increased vagal tone. 

The symposium was designed to bring together basic 
scientists, clinical pharmacologists, cardiologists and spe- 
cialists devoted to the management of cardiac arrhyth- 
mias. This diversity of contributors and delegates provid- 
ed a stimulating environment to discuss the place of old 
treatments and to put into perspective emergency and 


Ee Ae IRI aR ani BREE ARR PS 
From St. George’s Hospital Medical School, London, United Kingdom. 


novel therapies. The first part of the symposium con- 
cerned reports of new and exciting results from experi- 
mental laboratories, particularly in Japan. Several papers 
discussed the “traditional” and alternative methods of 
classifying and describing antiarrhythmic drugs. Finally, 
the whole range of antiarrhythmic treatments including 
drugs, devices and ablation techniques was discussed. 

The results of the Cardiac Arrhythmia Suppression 
Trial (CAST) came too late to influence discussion at the 
symposium, but several of the participants made refer- 
ence to this important study and were able to update their 
reports in the light of the results. The outcome of the 
study, despite some important criticisms of design, meth- 
od and analysis, emphasizes the caution with which ar- 
rhythmias should be treated and, in particular, highlights 
potential deleterious consequences of treatment with 
some antiarrhythmic drugs of the class IC variety. It is 
not clear whether the specific results of this study will 
have much bearing on the use of other agents or treat- 
ments for arrhythmias related to coronary or other pa- 
thologies. However, it is quite certain that the general 
conclusion that antiarrhythmic therapies may harm rath- 
er than help must be well understood, and the risk-benefit 
ratios should be weighed accordingly. The reports in this 
symposium must be viewed in this new and important 
context. 
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An Outlook on Future Trends in the 
Treatment of Rhythm Disorders 


Leonard S. Dreifus, MD 


emarkably, the development of newer antiarrhyth- 

mic drugs, ablative and surgical techniques, car- 

diac pacemakers and antitachycardia /antifibril- 
latory devices in the management of serious cardiac ar- 
rhythmias and prevention of sudden death have totally 
changed our approach to the management of the cardiac 
patient. Since 1958, with the implantation of the first 
cardiac pacemaker, rapid advances have been made in 
the development of sophisticated electronic devices capa- 
ble of interacting with the intrinsic cardiac mechanism. 
These devices may have more than 3 trillion programma- 
ble features, microprocessor-driven and capable of ex- 
tended battery life, and may incorporate sensor technolo- 
gy to optimize cardiac output. Since the advent of cardiac 
defibrillators for the treatment of ventricular tachycardia 
and ventricular fibrillation, implantable antitachycardia / 
antifibrillatory devices have been developed. These have 
more than 82% long-term effectiveness in preventing sud- 
den cardiac death in high-risk patients. 

Catheter ablative procedures have evolved rapidly. 
Attempts to identify the least destructive and most effi- 
cient ablative techniques using radio frequency, direct- 
current shock, laser or cryoablative techniques are in 
progress. Novel approaches for ablation of the coronary 
sinus and even the coronary arteries are also under inves- 
tigation. Newer surgical ablative techniques for the inter- 
ruption of accessory pathways, destruction of specific foci 
for ventricular arrhythmias and, more recently, isolating 
the sinus node and its connection to the atrioventricular 
node from the remainder of the atria have been effective 
in patients with atrial fibrillation. 

Finally, new antiarrhythmic drugs, particularly those 
in class III, such as D-sotalol, clofilium, and a host of 
experimental agents should attract attention in the next 
few years. 

We are now challenged to discover new technologies 
to treat the dreaded diseases, some of which have not as 
yet been identified. The following overview clearly identi- 
fies the current knowledge and defines our future direc- 
tions. The future holds great promise for further refine- 
ments and discoveries in the management of serious and 
intractable cardiac arrhythmias but we should remem- 
ber: “In order to better we often mar what is.” (Shake- 
speare, King Lear). 


From the Departments of Medicine, Thomas Jefferson University and 
Lankenau Hospital, Philadelphia, Pennsylvania. 

Address for reprints: Leonard S. Dreifus, MD, The Lankenau 
Hospital, Lancaster Avenue West of City Line, Philadelphia, Pennsyl- 
vania 19151. 
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CARDIAC PACEMAKERS 

The first pacemaker was implanted in a patient for 
complete atrioventricular (AV) heart block in 1958. Re- 
markably, this pacemaker was powered by a cadmium 
battery and contained fewer than 12 components. In con- 
trast, modern pacemakers are now completely program- 
mable, and offer the patient over a trillion different op- 
tions. Breakthroughs in electronic design now offer multi- 
programmability, microcircuitry, telemetry, extended 
battery life and almost unlimited capabilities that inter- 
act with the physiologic control of the heart. These pace- 
makers will offer the patient great hemodynamic advan- 
tages. Pacemakers can now store pertinent patient infor- 
mation, telemeter programming data, and can also 
function as Holter monitors. 

Although lithium battery technology may not be re- 
placed in the near future, improved circuit design will 
undoubtedly contribute to more efficient use of current 
and extended pacemaker life. Stable low-threshold elec- 
trodes whose activity will not deviate significantly from 
critical values will enable the physician to measure the 
threshold at implant, select a safety factor and program 
the pulse generator accordingly. Future pacemaker de- 
signs will be able to self-adapt to intrinsic activity. Antita- 
chycardia algorithms and antifibrillatory options will 
provide benefit by combination with developments in 
chemistry for power sources. Research into signal dis- 
crimination and interaction with the autonomic nervous 
system will undoubtedly emerge in the future. 

Over the past few years considerable research led to 
the introduction of sensor technology to optimize cardiac 
physiology. These developments have made a significant 
impact on pacemaker development. Conceivably, future 
pacemakers will offer various choices of more than 1 
sensor technology. With further developments in artifi- 
cial intelligence and computer modeling of pacemaker 
interactions with intrinsic rhythms, almost unlimited op- 
portunities for newer pacemaker designs will emerge.! 

Rate-responsive pacing was first introduced with the 
development of a mechanical sensor for detecting body 
activity using a piezoelectric crystal-sensing mechanism. 
Subsequently, automatic, QT interval-driven rate-re- 
sponsive pacemakers, rate responsiveness linked to a min- 
ute ventilation sensor, oxygen saturation-control pace- 
makers, and temperature-based modulated rate units 
have appeared.” Future developments in sensor technolo- 
gy may incorporate several of these disciplines to drive 
pacemakers in the most efficient physiologic fashion.3 


AUTOMATIC IMPLANTABLE 
DEFIBRILLATORS 

In 1967, Mirowski conceived an approach to the pre- 
vention of sudden coronary death using a standby auto- 


matic defibrillator. The need for such a device emerged 
from some pertinent observations: first, the magnitude of 
sudden cardiac death—more than a half million people 
_were dying suddenly in the United States each year; and 
second, identification of the mechanism of sudden coro- 
nary death by numerous observations in acute coronary 
care units using electrocardiographic monitoring. Car- 
diopulmonary resuscitation evolved in an agonizingly 
slow manner when one considers that electrical defibrilla- 
tion of the heart was routinely used only to salvage ani- 
mals to be reused in subsequent research experiments in 
the 1940s and 1950s. Notably, Paul Zoll demonstrated 
the effect of precordial electrical shock to defibrillate the 
heart and terminate supraventricular and ventricular 
tachycardia. Although development of an automatic im- 
plantable defibrillating device appeared beyond the capa- 
bilities of our technology, numerous obstacles were over- 
come, and with persistence, imagination and parallel de- 
velopments in electronics the first implant in humans was 
performed in 1980.4 In 1985, the Food and Drug Admin- 
istration approved these devices and thus ushered in the 
rapid acceptance of this technique in the prevention of 
sudden death due to ventricular tachycardia and ventric- 
ular fibrillation. At the onset of the third decade of this 
technology we are seeing sophisticated antitachycardia 
devices appear, which are capable of terminating both 
atrial and ventricular tachyarrhythmias as well as afford- 
ing adequate pacemaker function. In some instances, im- 
plantable devices with cardioverter /defibrillator capabil- 
ities are replacing the time-honored management of 
serious cardiac arrhythmias, long dominated by pharma- 
cologic therapies. There are more than 7,600 automatic 
implantable cardioverter defibrillator (AICD) implants 
performed in many centers throughout the world. Re- 
markably, there has been more than 84% survival up to 2 
years in these patients.’ Furthermore, the potential exists 
for further reduction in sudden cardiac death due to ven- 
tricular tachycardia and fibrillation as the AICD technol- 
ogy and clinical management evolve. On the horizon are 
implantable cardioverter /defibrillators using nonepicar- 
dial electrode systems with electrodes in the right ventri- 
cle and left pectoral submuscular epicostal region. These 
sophisticated AICD devices are now interacting with oth- 
er cardiac pacemaker devices. Many issues are still unre- 
solved. The selection of patients has become more liberal 
but not firmly established. The problem of patients with 
poor cardiac function receiving these units is still under 
intense investigation.’ Notably, the most efficient elec- 
trode configurations, pulse widths and wave forms are 
being studied. The search for lower-energy shocks that 
will efficiently control serious ventricular arrhythmias is 
in progress. The use of gradient maps to create an elec- 
trode configuration with more efficient defibrillation 
fields will ultimately improve our technology. The com- 
parison of single vs double capacitor biphasic wave forms 
is still a matter for research. Predictably, the AICDs will 
take on various special functions, e.g., fully transvenous 
electrodes, totally programmable software, and “‘limited- 
need” devices for apparently healthy patients to sense and 
defibrillate ventricular fibrillation prophylactically. 
These units would be capable of only a few shocks, would 


have limited life and allow the patient to receive other 
types of units in the future.® 


CATHETER ABLATIVE TECHNIQUES 

The use of physical agents to modify conduction in a 
restricted area of the myocardium by ablative proce- 
dures, in order to treat cardiac arrhythmias, has been 
extensively explored.’ The surgical interruption of nor- 
mal and anomalous pathways, and more recently the foci 
or pathways of re-entry tachycardias, has offered new 
hope to patients with incessant and malignant cardiac 
arrhythmias. Other investigators! have demonstrated 
that altering the shape and polarity of discharge and the 
geometry of the electrode can greatly increase the 
amount of voltage and current delivered before arcing 
occurs. The numerous and meticulous studies of cardiac 
mapping have clearly made this technique a useful clini- 
cal discipline. Furthermore, transvenous catheter abla- 
tion procedures have saved many patients from the more 
traumatic open-chest operations.!! 

Recent investigations have focused on identifying the 
most effective means of catheter ablation using direct- 
current shock fulguration, radio frequency fulguration, 
cryomodification procedures and, more recently, various 
laser radiation techniques.!? Research as to the most ef- 
fective medium of lasing is continuing. 

Investigators have now turned their attention toward 
developing the most effective means for ablation of spe- 
cific electrophysiologic problems. Attempts have been 
made to modulate AV conduction rather than interrupt 
conduction completely. Direct transseptal approaches to 
destroying free wall anomalous pathways in difficult lo- 
cations, appears as an attractive alternative to surgical 
ablation. Other unique procedures to ablate posterior sep- 
tal pathways and other left-sided pathways are being 
intensively studied. Temperature-guided radio frequency 
coagulative techniques and unique approaches using the 
coronary arteries and foramen ovale are now being stud- 
ied. 

With the establishment of precise precordial catheter 
and epicardial/endocardial mapping procedures, at- 
tempts to ablate ventricular tachycardia appear to be 
achieving clinical success. Questions still remain as to 
where to ablate in the case of ventricular tachycardia. 
Other issues remain, such as whether to ablate the earli- 
est endocardial activation or areas of slow conduction. 
Attempts to identify the critical area for treatment of 
tachycardia will enhance the effectiveness of ventricular 
ablation.!3 More precise selection of patients for these 
procedures is required. Anodal unipolar shocks, alterna- 
tive energy sources and balloon or suction electrode cath- 
eter ablation may lead to correct localization of the abla- 
tive shocks.'4 At present, the advantage of transvenous 
catheter ablation is quite apparent, especially in poor-risk 
patients. 


SURGICAL ABLATIVE TECHNIQUES 

From the first attempts to ablate the AV node and 
producing AV heart block in canine models to the initial 
clinical experience, surgical ablative techniques have 
been extremely successful and life-saving in many in- 
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stances.'> Interruption of specific accessory pathways!6 
introduced mapping-directed techniques to correct seri- 
ous cardiac arrhythmias. Subsequently, these surgical 
procedures have become accepted therapy for patients 
with Wolff-Parkinson-White syndrome with either a his- 
tory of atrial fibrillation engendering ventricular fibrilla- 
tion or incessant arrhythmias due to the operation of 
anomalous bypass tracts.'’? The treatment of Wolff-Par- 
kinson- White arrhythmias using both endo- and epicar- 
dial approaches can be effective for mid- and left free wall 
pathways, although endocardial techniques appear pref- 
erable for anterior and left free wall anomalous path- 
ways.!® The epicardial approach will remain for posterior 
septal pathways. Extension of these mapping techniques 
to patients with ventricular aneurysms and refractory 
ventricular tachycardias has led to the development of 
endocardial resection as well as endo- and epicardial en- 
circling procedures. !? 

Imaginative methods to interrupt AV nodal re-entry 
tachycardias by interruption of the perinodal fibers have 
been extremely effective. Surgical isolation of the sinus 
node and its conduction pathway to the AV node from the 
rest of the atria has been uniquely useful in patients with 
recurrent paroxysmal atrial fibrillation.2° 


ANTIARRHYTHMIC DRUGS 

Intense investigation of new antiarrhythmic agents as 
well as critical studies attempting to identify new and 
clearer mechanisms of the older standbys is continuing. 
The classification of antiarrhythmic agents based on sin- 
gle-cell electrophysiologic principles remains complex, as 
many of the newer agents belong to more than 1 category. 
Any new clinical classification of antiarrhythmic drugs 
must consider the characteristics and origin of the ar- 
rhythmia.*' In many instances these characteristics are 
either vague or entirely unknown. 

Newer additions to the fast channel blocking agents 
(class I) that prolong refractoriness, and in some in- 
stances conduction velocity, can be effective in both su- 
praventricular and ventricular arrhythmias. However, re- 
cent attention has been directed to class II agents such as 
D-sotalol, clofilium and experimental E-4031.22 The lat- 
ter drug may have novel actions in that it may influence 
the effective refractory period of the normal myocardium 
quite differently from the myocardium of the ischemic 
zone. Amiodarone still shares a focal position in the inves- 
tigation of antiarrhythmic agents. The characteristics of 
amiodarone are so atypical, and it influences the physiol- 
ogy of so many other organ systems, that it will remain a 
challenge to pharmacologists. In fact, Griffin and Man- 
del? cited 37 published reports in 1987 in their recent 
review. Other class I agents, such as indecainide, propa- 
fenone, moricizine, pirmenol and ACC-9358, are also 
likely to attract important attention in the next few years 
as effective antiarrhythmic agents. 


CONCLUSION 
The future holds great promise for further refine- 
ments and discoveries in the management of serious and 
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intractable cardiac arrhythmias. Imaginative engineer- 
ing should be able to resolve the annoying and dreaded 
consequences of abnormal impulse formation and con- 
duction in the human heart. Many of these goals have 
already been met, and with the rapid advances in our 
knowledge of electrophysiology it is hoped that there will 
be little left to do in the ensuing years. 
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Relevance of Cellular to Clinical 
Electrophysiology in Interpreting 
Antiarrhythmic Drug Action 


E. Miles Vaughan Williams, DM, DSc, FRCP 


SE re SS ees E 
The usefulness of cellular electrophysiologic tech- 


niques in elucidating the fundamental actions of 
antiarrhythmic drugs is contrasted with their ap- 
parent lack of relevance to the selection of drugs 
for the treatment of particular arrhythmias. Clinical 
electrophysiologists employ different techniques, 
but their results may be explained in terms of cellu- 
lar drug actions. The varying clinical effects of 
class IA, IB and IC agents are due to differences in 
the speed of their attachment to, and detachment 
from, sodium channels. The role of sympathetic ac- 
tivity in arrhythmogenesis is complex, but again 
readily explicable in terms of the electrophysiologic 
cellular actions of stimulation of the individual 
types of adrenoceptors (a1, «2, By and 62) and the 
distribution of these receptors, and of the long- 
term effects of sympathetic deprivation, either by 
antisympathetic drugs (class Il) or by sympathetic 
denervation. Delayed repolarization (e.g., by class 
lll drugs or prolonged $ blockade) is antiarrhythmic 
because it is homogeneous, despite the incidental 
prolongation of QT. If, however, QT is prolonged by 
heterogeneity of conduction or repolarization, or by 
partial sympathetic denervation (long QT syndrome 
or post myocardial infarction), this indicates in- 
creased risk of arrhythmia. Finally, the efficacy of 
calcium antagonists (class IV) in supraventricular 
arrhythmias is attributable to the cellular electro- 
physiologic characteristics of sinoatrial and atrio- 
ventricular nodal and transitional elements. 

(Am J Cardiol 1989;64:5J—9/J) 
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antiarrhythmic drugs to a cellular electrophysio- 

logic one. The problem is to show how the cellular 
mechanisms of ion-selective channels relate to clinical 
electrophysiologic measurements. 

Of the numerous antiarrhythmic drugs, all except 
alinidine (and similar specific bradycardic agents) pos- 
sess 1 or more of 4 actions upon which a classification of 
antiarrhythmic action was originally based! and later 
updated.” © The classification was not by chemical struc- 
ture or physical properties, but rather a description of 4 
ways in which abnormal cardiac rhythms can be correct- 
ed or prevented. Drugs with the same antiarrhythmic 
action could appear very dissimilar in the clinical environ- 
ment due to differences in kinetics of action, distribution, 
metabolism and side effects unrelated to actions on the 
heart. 


(C iem might prefer an anatomic classification of 


CLASS | ANTIARRHYTHMIC AGENTS 
AND THEIR SUBDIVISION 

By definition, class I drugs restrict fast inward sodium 
current, but may differ in other respects. 

1. Some compounds, notably quinidine and disopyra- 
mide, are anticholinergic. Apart from noncardiac compli- 
cations of antimuscarinic actions, there are several cardi- 
ac consequences. In a patient with substantial vagal activ- 
ity, sinus tachycardia may follow administration; more 
seriously, an innocuous atrial fibrillation or supraventric- 
ular tachycardia may accelerate dangerously when atrio- 
ventricular (AV) conduction is improved by blockade of 
vagal tone. Second, depression of conduction by means of 
the drugs’ class I action may be masked by the improve- 
ment of conduction by their anticholinergic effect, with 
no net change in AV conduction time. In a patient with 
little vagal background tone and with depressed AV con- 
duction, however, the full class I depression by quinidine 
or disopyramide will be revealed, and serious AV block 
may occur.” 

2. Distribution into the central nervous system varies 
greatly, and more information is required on the influ- 
ence of fat solubility, acid dissociation constant and mo- 
lecular size on central nervous system penetration. In- 
deed, dizziness and even convulsions limit the use of sev- 
eral class I agents, including lidocaine, mexiletine and 
lorcainide. 

3. Metabolism and rates of excretion vary enormous- 
ly. Rapid metabolism by the liver makes oral administra- 
tion of lidocaine impractical, since its half-life may be 
only 0.5 hour in some subjects. At the other extreme, 
aprindine has an elimination half-life of 2.5 days. 
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TABLE I Clinical Subdivision of Class | Antiarrhythmic Drugs and Summary of Their Effects 


Group B (Lidocaine, 


Function Affected Mexiletine, Tocainide) 


QRS 
Conduction 
ERP 


None in sinus rhythm 
None in sinus rhythm 
Lengthened in relation to APD 


JT interval Shortened unchanged 


APD = action potential duration; ERP = effective refractory period. 


4. Some compounds, especially lidocaine, mexiletine 
and tocainide, shorten action potential duration (APD). 

5. There are wide variations in the rate at which the 
drugs become attached to and released from the sodium 
channels. 

The clinical differences between class I drugs necessi- 
tated their subdivision (Table I). Class IA drugs have 
intermediate properties between classes IB and IC. Quin- 
idine delays repolarization by restriction of outward po- 
tassium current.® Its anticholinergic and APD-lengthen- 
ing effects are unrelated to its class I action. 

The maximal rate of depolarization on stimulation at 
increasing intervals after repolarization is an approxi- 
mate measure of the number of sodium channels that 
have recovered from inactivation, although simultaneous 
or overlapping outward current can complicate the pic- 
ture to some extent (Fig. 1). If 40% of the channels were 
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Group C 
(Lorcainide, Encainide, 
Flecainide, Propafenone) 


Group A (Quinidine, 
Procainamide, Disopyramide) 


Widened at low concentration 
Slowed at low concentration 
Very little change 


Widened at high concentration 

Slowed at high concentration 

Lengthened absolutely and in 
relation to APD 


Lengthened at high concentration Very little change 





permanently eliminated by a drug (Fig. 1c), the remain- 
ing 60% would be normal and would therefore recover at 
the same time as the controls. Electrical threshold would 
be increased, and conduction velocity decreased, because 
fewer channels would be available to carry inward sodi- 
um current. Effective refractory period would be changed 
very little. These actions correspond to those of a class IC 
drug. In the case of recovery from temporary occupation 
by a class IB drug (Fig. 1d), at the end of diastole all of 
the channels would be freed from a rapidly dissociating 
drug, so that maximal rate of depolarization (and con- 
duction velocity) would be only slightly changed in sinus 
rhythm. A more slowly dissociating drug would depress 
maximal rate of depolarization in sinus rhythm to some 
extent (class IA). 

The rapidity of dissociation of class I drugs from sodi- 
um channels after repolarization can be tested by admin- 
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FIGURE 1. (a) and (b), intracellular atrial potentials and responses to stimuli at the absolute refractory period (A) and the effec- 

tive refractory period (E). (a), controls, (b) in the presence of quinidine. (c) and (d), hypothetical maximal rate of depolarization in 

response to stimuli applied at intervals after the start of the potential indicated in (a) and (b), respectively. In (c): solid columns, 
rendered nonconducting 


controls, dashed columns, assuming 40% of channels had been 


ing. (Adapted from Vaughan 


permanently 
Williams‘ with permission from Academic Press, Lond.) In (d): dotted line, “envelope” of normal responses, as in (c); columns, 
assuring that at the start of diastole all channels were attached to a drug but that after repolarization the drug was rapidly (sor 
id columns) or more slowly (dashed columns) dissociated from the channels. 
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TABLE Il Effects of Stimulation of Individual Adrenoceptor Subgroups 


Function Affected Bı Receptor 


Contraction +++ 0 +(?) 
Action potential duration Shortened by increased gK 


82 Receptor 


a, Receptor «2 Receptor* 


a 


Shortened by Na/K pump Lengthened 


stimulation 


Ca-selective channels in Opened 0 
SA and AV nodes 
Arteries agus 


* No a2 receptors in myocardium. 


Relaxed constricted 


0 


Large vessels constricted Small vessels constricted 


AV = atrioventricular; Ca = calcium; gK = potassium conductance; Na = sodium; SA = sinoatrial; + = positive effect; (?) = insecure evidence; 0 = no effect. 


istering to cardiac muscle trains of stimuli of sufficient 
frequency and duration to induce a steady-state depres- 
sion of maximal rate of depolarization. Stimulation is 
stopped and maximal rate of depolarization is then mea- 
sured in response to a single stimulus applied at increas- 
ing intervals after the end of the train. Drugs categorized 
on clinical grounds as belonging to class IB have very fast 
onset-offset kinetics.> Hence, intraventricular conduction 
(HV and QRS) are unaffected in sinus rhythm, a normal 
diastole being of sufficient duration to permit detachment 
of the drug from most sodium channels. Effective refrac- 
tory period is prolonged, because at the beginning of 
diastole, the drug is attached to nearly all the channels, 
which are thus nonconducting. The class IC drugs, in 
contrast, detached so slowly from sodium channels that 
the number nonconducting at the end of diastole is almost 
the same as at the beginning. Consequently, HV is 
lengthened and QRS widened. The kinetics of the IA 
group are intermediate between those of the IB and IC 
groups. Thus, a study of onset-offset kinetics of class | 
drugs in vitro explains the subdivision imposed on clinical 
grounds. 


CLASS Il AND Ill ANTIARRHYTHMIC 
ACTIONS 

Sympathetic excitation and arrhythmias: A stress- or 
emotion-induced increase in blood pressure in a coronary 
artery containing an atheromatous plaque may initiate 
thrombosis. If the protection against reinfarction and 
sudden death offered by long-term £ blockade to patients 
after myocardial infarction is solely protection of coro- 
nary arteries (by blunting of hypertensive surges), then a- 
adrenoceptor blockers or other antihypertensive agents 
not acting on adrenergic receptors would be expected to 
provide similar prophylaxis. However, they do not do so.° 

Nevertheless, extreme exertion or emotional stress is 
arrhythmogenic.’ The fact that such abnormal rhythms 
do not occur after 6 blockade implies that they are caused 
by stimulation of myocardial 6 adrenoceptors. In the long 
QT syndrome, arrhythmias are precipitated by exercise 
or emotion, but the heart rate increases less than would be 
expected in normal people. This may be due to poor 
innervation from the right stellate ganglion, from which 
the sinoatrial node normally receives its predominant 
sympathetic control. There is a compensatory excess of 
activity from the left stellate, possibly related to loss of an 
inhibitory influence from afferent nerves normally ac- 
companying right sympathetic innervation.!? Therefore, 
apart from vascular effects, high sympathetic stimula- 





tion, particularly if heterogeneously distributed, is ar- 
rhythmogenic, and it is important to investigate this 
mechanism. 

One obvious possibility is that accessory pacemakers 
are activated and provide an out-of-phase depolarization 
from an ectopic site. Specialized pacemaker-type cells 
occur in and around the AV node and bundle branches!’ 
as well as in the sinoatrial node, and occasional extrasys- 
toles are comparatively common but usually innocuous. 
The question arises whether sympathetic stimulation has 
further electrophysiologic effects that could lead to a 
reentry tachycardia or ventricular fibrillation. 

Adrenoceptors in the heart: Although 8, adrenocep- 
tors predominate in the human heart, clinical and binding 
studies show that 6> adrenoceptors are also present.!*"'* 
Binding studies alone do not establish the functional sig- 
nificance of the receptors. Beta, adrenoceptors predomi- 
nate in rat hearts!5; 8, and 62 receptors coexist in cat and 
rabbit hearts!6-!8; however, there are conflicting conclu- 
sions about the existence of single or mixed populations in 
guinea pigs.!? 

The existence and functional role of myocardial a 
adrenoceptors is well known,”°?! and the possibility that 
stimulation of æ receptors may be involved in the induc- 
tion of arrhythmias by ischemia and reperfusion has been 
suggested more recently.”* The myocardial receptors are 
probably of the a; subtype: no az sites have been found by 
binding or selective stimulation studies.” 

Effects of stimulation of individual receptor types: 
Individual receptor types are summarized in Table II. 
Beta, and 8» adrenoceptors increased the discharge fre- 
quency of the rabbit sinoatrial node, but by different 
mechanisms. Beta, stimulation accelerated the rate of 
increase of the upstroke of the sinoatrial node action 
potential, indicating that more current was flowing 
through calcium-selective ion channels because calcium 
current is responsible for this phase of depolarization in 
the sinoatrial and AV nodes (the maximal diastolic po- 
tential being insufficiently negative in these tissues for 
sodium channels to recover from inactivation). This is 
consistent with the very large positive inotropic effect of 
8, stimulation in myocardial cells. In contrast, highly 
selective B> stimulation did not increase the rate of in- 
crease of the action potential of sinoatrial node cells, and 
had no significant positive inotropic action in the myocar- 
dium. 

Both 8; and 8- stimulation shortened the APD, which 
increased the frequency. Here again, the mechanisms 
were different. Beta, receptor stimulation shortens APD 
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by increasing potassium conductance, an effect that per- 
sists in the presence of cardiac glycosides.24 Beta, recep- 
tor stimulation activates the sodium/potassium pump,”> 
which accelerates repolarization. The pump is activated 
in skeletal and cardiac muscle, therefore decreasing plas- 
ma potassium and favoring arrhythmogenesis. 

Selective a2-receptor stimulation had no cardiac elec- 
trophysiologic effect. Selective a )-receptor stimulation 
caused a sinus bradycardia due to delayed repolarization 
of sinoatrial node cells. In the myocardium there was a 
positive inotropic response to a \-receptor agonists, al- 
though of smaller magnitude than the response to 6; 
agonists. Whereas the latter increased the rate of devel- 
opment of tension, and increased peak tension threefold, 
the a agonists caused no change in the rate of develop- 
ment of tension, and raised peak tension by not more than 
50%. The duration of contraction was prolonged, in asso- 
ciation with delayed repolarization, so that the “area 
under the curve” of contraction was substantially in- 
creased. Unlike 8; agonists, a; agonists do not increase 
the level of intracellular cyclic adenosine monophosphate. 
Perhaps the a receptors provide a reserve mechanism for 
increasing contractile force in situations in which B, stim- 
ulation is ineffective because of failure of the adeny] 
cyclase system (e.g., if ischemia creates an unfavorable 
adenosine triphosphate/adenosine diphosphate ratio for 
the guanosine monophosphate complex to exist in its ac- 
tive form). Thus, an adrenergic source of heterogeneity is 
added to that created by the ischemia itself. Hypoxia 
shortens APD, but low pH lengthens it.2 Because both 
hypoxia and low pH are part of the ischemic environ- 
ment, wide variation of repolarization times is to be ex- 
pected according to which factor predominates locally. 

Many of these adrenoceptor-mediated effects (Table 
IT) would increase the probability of reentry arrhythmias, 
particularly the shortening of APD and the decrease in 
plasma potassium. 

Distribution of sympathetic innervation: Long-term 
b blockade (or sympathetic denervation) causes an adap- 
tational response in cardiac cells that delays repolariza- 
tion. The effect takes a week to develop, reaches a plateau 
at 3 weeks and persists for many days after cessation of 
treatment.’ It is not caused by the bradycardia associ- 
ated with 8 blockade, because prolonged administration 
of alinidine, which produces a more profound bradycar- 
dia, does not prolong APD.** Because the response occurs 
in all cardiac tissues, there is a uniform prolongation of 
refractory period, an antiarrhythmic action (class III) 
that might be relevant to the prophylactic effect of long- 
term 6 blockade. 

If, as a consequence of local destruction of sympathet- 
ic nerves (e.g., by ischemia or infarction), there is a heter- 
ogenous distribution of sympathetic innervation, cells in 
the denervated regions will adapt and have delayed repo- 
larization. When sympathetic drive is increased during 
exercise or emotion, APD will be shortened in the inner- 
vated areas but not in the denervated areas, so that at the 
border between them there will be great heterogeneity of 
repolarization times, a highly arrhythmogenic situation. 

An extreme example is the long QT syndrome. As a 
result of the deficient right-sided innervation, APD will 
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be longer in the right ventricle. On the left, compensatory 
sympathetic hyperactivity will shorten APD in the left 
ventricle. Left stellectomy or prolonged 6 blockade can 
reduce the variation by causing an adaptational prolonga- 
tion of APD in the left ventricle and by making it less 
responsive to sympathetic drive. The restored balance of 
APD may lead to mutual cancellation of late repolariza- 
tion vectors on the electrocardiogram, so that a lengthen- 
ing of APD in the left ventricle may paradoxically result 
in a shortening of the QT interval. 

Vascular effect: Vascular effects on arrhythmogene- 
sis should also be considered. Reperfusion of underper- 
fused regions causes a massive release of norepinephrine, 
and localized vasoconstriction may induce heterogeneity 
of flow in the microcirculation during the reperfused hy- 
peremic period. Thus, there could be uneven recovery 
from hypoxia-induced shortening of APD, again leading 
to variability of repolarization times in neighboring areas, 
‘with a high probability of reentry. It is of interest that 
vasoconstriction in poststenotic regions is mediated by a> 
adrenoceptors,”’ so that although these are absent from 
myocardial cells, they may still play a role in adrenergic 
arrhythmogenesis. 


CLASS IV ANTIARRHYTHMIC ACTION 

The class IV antiarrhythmic drugs (verapamil and 
diltiazem) are particularly effective in supraventricular 
arrhythmias involving reentry in or around the sinoatrial 
and AV nodes, sometimes also involving a bypass tract. 
As depolarization of sinoatrial and AV nodal cells and the 
transitional cells connecting them to the atrium or His 
bundle are depolarized by calcium current, the link be- 
tween clinical and cellular electrophysiologic effects is 
clear. 
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Classification of Antiarrhythmic Drugs Based on 
Ventricular Fibrillation Threshold 


Kenichi Harumi, MD, Takeshi Tsutsumi, MD, Takeshi Sato, MD, 
and Souichiro Sekiya, MD 
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The antifibrillatory action of antiarrhythmic drugs, 


classified on the basis of their effects on ventricular 
fibrillation threshold (VFT), was investigated. The 
relation between drug action and cardiac excitabil- 
ity, orthodromic/antidromic conduction through 
Purkinje fibers and ventricular muscle and the res- 
titution of premature action potential duration was 
studied. Drug classifications were: group A, VFT 
markedly increased; group B, VFT moderately in- 
creased; and group C, no significant change. Group 
A was subdivided according to presence or absence 
of the dip phenomenon and supernormal period in 
the anodal strength-interval curve. Drugs in group 
A significantly reduced the difference between ef- 
fective refractory period of orthodromic and anti- 
dromic conduction and the range over which the 
premature action potential duration reappeared. In 
groups B and C, the effective refractory period in 
orthodromic conduction was longer than that in 
controls, and the range of the restitution of prema- 
ture action potential duration for Purkinje fibers 
was reduced only slightly. 

(Am J Cardiol 1989;64:10J-14)) 
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their electrophysiologic properties in normal tis- 

sue is being widely used by cardiologists for clini- 
cal use.! However, advances in basic electropharma- 
cology have provided information on the actions of anti- 
arrhythmic drugs that may involve either individual myo- 
cardial cells or the whole heart. One important role of 
antiarrhythmic drugs is prevention of ventricular fibrilla- 
tion. 

There are no data on the relation between electro- 
physiologic effects of antiarrhythmic drugs on myocardi- 
al cells and their clinical efficacy. This study aimed to 
evaluate the antifibrillatory action of clinical doses of 
drugs on the ventricular fibrillation threshold (VFT) and 
cardiac excitability and an orthodromic and antidromic 
conduction of simultaneously recorded action potentials 
in Purkinje fibers and ventricular muscle. 


A classification of antiarrhythmic drugs based on 


METHODS 

Determination of ventricular fibrillation threshold: 
Adult mongrel dogs weighing 8 to 12 kg were anesthe- 
tized with sodium pentobarbital (35 mg /kg) and ventilat- 
ed with air using a Harvard respiratory pump. Systolic 
arterial pressure was monitored and body temperature 
maintained by a thermal blanket. The chest was opened 
by a midline sternotomy and the heart suspended in a 
pericardial cradle. The sinus node was crushed and a 2.0 
mm diameter Ag-AgCl stimulating electrode was em- 
bedded in a Teflon® disk sutured to the anterior surface of 
the left ventricle. The heart was then driven by 3-ms 
square anodal constant current pulses for 400 ms (S;) of 
the basic cycle and was prematurely stimulated by one 3- 
ms test stimulus through the driving electrode. Electrical 
stimulation was programmed by a digital stimulator 
(DS-503, Physiotec Co., Ltd., Japan). A recording elec- 
trode was placed on the surface of each ventricle. The 
indifferent electrode was a silver plate implanted under 
the skin in the right femoral region. 


Lead II of the body surface electrocardiogram was 
monitored. To determine VFT, a 0.2- to 1.8-second train 
of 50-Hz pulses was delivered 100 ms after every eigh- 
teenth basic driving stimulus. The current intensity was 
increased from the diastolic threshold in increments of 
10 4A to 1.0 mA or until ventricular fibrillation occurred. 
The minimal current intensity of the pulse train required 
to induce sustained ventricular fibrillation was defined as 
the VFT. When ventricular fibrillation occurred, the 
heart was immediately defibrillated and allowed to recov- 
er to control conditions for 15 to 20 minutes. 


æi 


Bipolar stimulation 
electrode at tip of 
papillary muscle 


ngth-interval curve: The anodal strength-interval 

rve was determined as follows: An anodal test 

s (S2) was applied through the driving electrode 

te diastole after every eighth driven beat. The 

olic threshold was the intensity of the test pulse 

ted a propagated response when increased in 10 

ments. The S-I curve of the threshold for propa- 

citation was measured at 20-ms decrements from 

0 to 200 ms in diastole and at 5-ms decrements from 

0 ms to the effective refractory period. This sequence 

_ performed automatically with a microcomputer 

(NEC-9801, NEC Co., Ltd., Japan). The S-I curve was 

displayed on the computer screen. 

Drugs: The antiarrhythmic drugs were administered 

_ through the femoral vein. These were lidocaine (4 mg/ 

kg), procainamide (10 mg/kg), flecainide (4 mg/kg), 

__ aprindine (4 mg/kg), SUN-1 165 (5 mg/kg),” verapamil 
(0.5 mg/kg) and prenylamine (5 mg/kg). 

scle and restitution of premature action potential du- 

ion: Adult mongrel dogs were anesthetized. The heart 

pidly excised through a left thoracotomy and im- 

ed in cooled Tyrode’s solution. The papillary muscle 


kperiments (except 


‘ +. 7a = 7). Open histograms, 


05; **p <0.01; ns = not signifi- 


` Lidocaine 


Control 


Lidocaine 
4 mg/kg 


1 second > 
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FIGURE 2. Example of initiation of ventricular fibrillation. In. 
the control dog, ventricular fibrillation was induced by a 50- 

es with intensity up to 260 pA. After administr. 
tion of lidocaine (4 mg/kg), ventricular fibrillation was initiated 
sA a 50-Hz train of pulses with higher intensities up to 800 


attached with the false tendon was isolated from the right 
ventricle, mounted in a tissue bath and perfused with 
Tyrode’s solution gassed with 95% O2- 5% CO>. The com- 
position of the Tyrode’s solution was (mM): NaCl, 137.0; 
NaH>PO,,1.8;NaHCO;, 12.0; KCI 4.0; MeClh, 0.5; 
CaCl, 1.8; and glucose, 5.5. The temperature of the bath 
was maintained between 36 and 37°C. The preparations 
were stimulated with a basic cycle length of 500 ms 
through bipolar electrodes attached to the false tendon 
(orthodromic conduction) or to the tip of the papillary 
muscle (antidromic conduction). ; 
The stimulation consisted of 2-ms rectangular pulses 
at 2 times the diastolic threshold (SEN-600, Nihon Koh- 
den Co., Ltd., Japan) from an isolation unit. The trans- 
membrane action potentials from Purkinje fibers and 
ventricular muscle were recorded simultaneously through 
glass microelectrodes filled with 3M KCI (DC resistance 
10 to 20 MQ and coupled through an Ag-AgCl junction 
to the input of a high impedance capacitance neutralized 
amplifier (model 750, WPI Instruments, Inc., USA). An 
electrogram was also recorded from near the tip of the 
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FIGURE 4. Representative strength-interval curves and ventricular Hblliation threshold (VFT) before and after 
`- nide or procainamide. Between tests the ventricle was paced with a cycle length of 400 ms. 














-< papillary muscle. A representation of a typical prepara- ventricular muscle, basic (S4) and premature (S2) stimuli _ 
tion is shown in Figure 1. Premature stimuli (S2) were were delivered through the driving electrode. The cou- _ 
applied after 8 basic cycles and the action potentials pling interval of S, was decreased in 1- to 2-ms steps until _ 

_ elicited were displayed on an oscilloscope (SS-6611, S% failed to elicit a premature response. The ERP of _ 
- Iwatsu Co., Ltd., Japan) and photographed with a Polar- _ orthodromic or antidromic conduction was defined as the _ 
... oid® camera. To determine the effective refractory period shortest S;-S> interval of a propagated. premature re- 
AERP) and conduction through the Purkinje fiber and sponse. The criteria used for a propagated premature _ 
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FIGURE 5. Mode of conduction through = 
trols and during infusion of flecainide.E = 
extracellular records near the tip of papil- —__ 
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i ring a kk conduction were: (1) a take- 
al of more than —60 mV, (2) an action poten- 
plitude exceeding 80 mV, and (3) an upstroke 
greater than 100 V/s.* The restitution of the 
ure action potential duration in both Purkinje fi- 
ber and ventricular muscle was measured as follows: The 
basic stimuli were applied at 1-second intervals to the cut 
end of the false tendon, and a 2-ms premature stimulus 
w applied to the tip of the papillary muscle. 
-The S,-S, interval was decremented in 10-ms steps 
until there was no response. Relations between the pre- 
mature action potentials from Purkinje fibers and ven- 
tricular ı muscle during diastole were assessed before and 
-after infusion of drugs. Seven antiarrhythmic drugs dilut- 
edin normal Tyrode’s solution were perfused: ae 
mide, 5 mg J! liter; mexiletine, 2 mg/liter; flecainide, 1 
mg/liter; atenolol, 0.1 mg/liter; amiodarone, 2 mg/liter; 
pamil, 0.5 mg/liter and bepridil, 2 mg/liter. 
easurements were started 20 minutes after the ac- 
on potential duration reached a stable value. Impale- 
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record is shown in Figure 2 and the effects of drugs on th 


VFT are shown in Figure 3. A significant increase in y 
occurred after administration of all antiarrhythmic drug 
except verapamil. The drugs were then classified accor 
ing to their effects on VFT (Fig. 3). Group A drugs 
(lidocaine, bepridil, aprindine, flecainide, SUN-1165 and 
prenylamine) increased VFT 2100%; group B drugs 
(procainamide and propranolol) showed moder 
(<100%) increases; group C contained any drug (vera X 
mil) showing no significant increase in VFT. S 
Strength-interval curve: The effects of 3 antiarrhyti 
mic drugs on patterns of anodal S-I curves (indica 
cardiac excitability) are shown in Figure 4. Lido 
suppressed the dip phenomenon and the super: 
riod but elevated the end-diastolic threshol 
The elevated VFT might result from the marke 
in cardiac excitability. Flecainide blocked ventriculat 
brillation across the entire current range as demonstra’ 
by the elevated VFT. The S-I curve shifted to the rig 


and the end-diastolic threshold was elevated, but the 


phenomenon and the supernormal period remained. T] 
effects of aprindine and SUN-1165, although not shown — 
on the figure, are essentially the same as those of flecai- : 
nide. Procainamide and disopyramide cause a moderate 
increase in VFT and a shift in the S-I curve to the right. 
There were no marked changes in the dip phenomenon or 
the supernormal period. Propranolol (not shown on the 
figure) had effects similar to those of procainamide. - 
Results from these in vivo experiments are summa- 
rized in Table I. According to results obtained from S-I 
curves, group A drugs were subdivided into Aj, which 
eliminated the dip phenomenon, and A>, which retained: 
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) fib entricular is Early through Pari re- 
X nses ‘through Purkinje fibers and ventricular muscle 
% are shown in Figure 5. 





h a with an S-S, interval of 210 ms, evoked both 
-> Purkinje fiber and muscle responses, but a 209-ms inter- 
-= val did not. There was no signal from the electrode. Thus, 
-ERP in orthodromic conduction was 210 ms, and the 
impulse conduction was blocked at the site of stimulation 
.(S-P block), In controls stimulated antidromically, the 
<- S1-S3 interval required to elicit a premature response in 
< both muscle and Purkinje fibers was <185 ms. The ERP 
was 185 ms and the impulse transmission in antiarrhyth- 
-mic conduction was blocked at the Purkinje fiber or Pur- 
2  kinje-muscle junction. 
- =- The difference between the ERP of orthodromic and 
ey “antidromic conduction was 25 ms in the controls. Ortho- 
- dromic stimulation in the presence of flecainide gave an 
_ ERP of 180 ms and orthodromic conduction was blocked 
at the muscle or Purkinje-muscle junction. When stimu- 
lated antidromically in the presence of flecainide, the 
ERP was 182 ms and the impulse conduction was blocked 
> at the site of stimulation. The difference between the 
ERPs of orthodromic and antidromic conduction during 
infusion of flecainide was —1 ms, markedly less than that 
of controls. 
In general, drugs in group A altered the ERP in this 
preparation but in groups B and C there was no signifi- 
_ cant effect on the difference between ERPs in orthodro- 
| mic or antidromic conduction. 
~> Restitution of premature action potential duration: 
on Examples of the effects of antiarrhythmic drugs on the 
<- entire restitution curve are shown in Figure 6. Note the 
en different actions of the 2 agents. 








-on both fibers before and during the i 


- In controls, the premature stimulus applied orthodro- 








tion on conduction through. Purkinje 
and the restitution of premature action p 





rhythmic drugs. The in vitro experim 
group A drugs reduced the differen 
orthodromic and antidromic conduction 
drugs slightly increased or had no 
difference. The range of restitution of pre 
was smaller in group A than in group B.” 
group A may cause more homogene 
subsequent to fibrillation than those in ot 
ing them more potent antiarrhythmic. 
precise mechanism behind the different actions of 
in group A; and group A> need to be clari 
possible that the difference in action is related t 
potassium in the myocardium.? | 

The antiarrhythmic actions of drugs in gro 
be due to prolongation of ERP. Such drug 
expected to decrease the rate of reentry of su: 
tricular tachyarrhythmias as a result of the prolo ga 
of the refractory period.* 
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3 A near-therapeutic concentration a uM) of di- 
20 Hz decreased action potential amplitude and 

_ shortened plateau phase in ventricul: ular myocyte 

- Action potential duration was prolonged b 

_ drug in most of the preparations but shortened in 
some. Disopyramide prolonged the refractory peri- 
od and increased threshold current for excitation. 
The drug was aiso shown to depress both the calci- 














: um current and the delayed outward potassium 
2 current. These multiple actions of disopyramide 
— mey explain its variety of antiarrhythmic proper- 
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isopyramide has been useful for tr 
D tricular as well as supraventricu 

Its main action on cardiac mer 
press the fast sodium (Na*) current (Ina 
suppress both excitability and condui 
propagation.'-+ However, the precise. me 
action on In, is not fully understood. In addi 
amide has effects on other currents resp 
generation of cardiac action potentials*6 but 
whether these are associated with its an 
properties. The present study explores the mec 
disopyramide action. T 






































METHODS : 

Papillary muscle preparations: Guinea pigs weighing — 

250 to 350 g were killed under a light anesthesia with 
pentobarbital sodium, intraperitoneally, and the hearts aoe 
were quickly excised. Papillary muscles were removed 
from the right ventricle and placed in a tissue bath where = 
oxygenated Tyrode’s solution was perfused. The composi- “EES 
tion of the Tyrode’s solution was (mM): NaCl, 125;KCI, 0 
4.0; CaCl, 0.5; NaH»PQx, 0. 4; NaHCO,, 25.0; and glu- 
cose, 5.5 (adjusted to pH 7.3 to 7.4 with a gas equilibra- 

tion of 95% O>, 5% CO», temperature 36 to 37°C). 

Membrane potentials were recorded using glass mi 2 
croelectrodes filled with 3M KCl with tip resistancesofS5 0s 
to 12 MQ.’ The maximal rate of increase of action potens = 0o 
tials (Vmax) was electronically differentiated from the = 
record of membrane potentials. The potential signals = — 
were recorded from the oscilloscope screen (VC-10, Nit 
hon Kohden Co., Tokyo) by a camera (RGA-8000, Ni- — 
hon Kohden Co.) for later analysis. Preparations were 
stimulated with a square-wave pulse of 2-ms duration and 
intensity of 1.5 times diastolic threshold delivered — 
through bipolar silver electrodes placed at 1 end of papil- 
lary muscles and delivered from a pulse generator (SEN- 
7103, Nihon Kohden Co.). 

isolated ventricular myocyte preparations: Myo- 
cytes were obtained from guinea-pig hearts by enzymatic 
dissociation.®.’ Isolated cells were placed in the perfusion 
chamber mounted on the stage of the phase contrast 
microscope (Diaphot TMD, Nikon Co., Tokyo). The 
composition of Tyrode’s solution for the single cell study 
was (mM): NaCl, 143; KCI, 4.0; CaCh, 1.8; MgCl, 0 
glucose, 5.5; NaH2POx,, 0.33; and HEPES, 5.0 (adjusted 
to pH 7.4 with NaOH). The perfusing solutions. we 
aerated with 100% QO. 5 

Membrane potentials and currents were dai b 
patch clamp technique of the whole-cell configur 
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Ta < FIGURE 1. Effects of 100 „M disopyramide (a) and. 100 M 
í ‘lidocaine (b) on the onset of Vma, block in papillary muscles. 

_ Curves were fitted by a simplex method with the Vma, Values _ 
in the first 30 beats, 3.3 Hz stimulation, and after a rest peri- 
od >3 minutes (a) and 1 minute (b). The onset rate (AP~') of 
-the fast and slow component of the block development are in- 
dicated on the curve. 
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p <0.01 
134.8407 129.6414. 
APD (ms) p <0.02 
f 203.9 + 15.6 181.04 17.6 
APDeo (ms) 298.0 + 25.6 333.7 + 29.4 (n = 9) 






327.2 + 49.8 294.6 + 50.4 (n = 5) 


“TAPAS action potential amplitude; APD = action potential duration (Subscript = 
repolarization): RMP = fenmen membrane potential, 
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ecording methods and data acquisition systems were 
cribed previously.’ 

Drugs: Disopyramide phosphate (Roussel Medica, 
ol yo) was dissolved in Tyrode’s solution to the concen- 
ations indicated in the text. Solutions were prepared 
eshly each day. 3 
pa rve-fitting p procedure: To obtain netics of the 
x x block, the time € course was assessed ua a curve- 











ing frequencies of stimulation. Vmax at 


“0.037 + 0.006 per action potential. Stimulation 


_ on membrane potentials of guinea-pig ventricula 


out any changes in resting membrane potential. At 
_ cytes but shortened it in 5. 
of + gates on 


s pressed at all freq 
es me isolated r myoc 


mu: I pillary r 
lated with § various frequencies after a re 
seconds, Vmax of action potential in suci 
creased slightly in the control. Decreas 
100th beat was 6.4 + 2.3% (mean + stan 
mean; n = 12) of the first one with stimu 



















Vinax i in successive beats became prominen 














decreased by 40.3 + 3.2% (n = 9) of the 
disopyramide at 3.3 Hz. A significant dec 
noted at frequencies between 1.0 and 2.0 H 
time course of changes in Vmax block wit 
beats, one can calculate the onset rate of the blo 
1 shows semilog plots of the development 
blocks for disopyramide and lidocaine. The 
block produced by 100 uM disopyramide was b 
by 2 exponentials. The other 10 preparations g ) 
results. The fast component of the onset rate at 
was 1.304 + 0.18 (mean + standard error of thi 
per action potential (n = 11) and the slow com 





















2.0 Hz in disopyramide also gave the block dev 
with 2 exponential functions (n = 8). 

For 100 uM lidocaine, block developmeit 
(fast component 2.832 + 0.025 per actio al, 
slow component 0.054 + 0.013 per action. potential; n =. 
5) but also displayed 2 exponential functions i in the time 
course. ra 

Recovery from the Vs block was Spaniel! by gi giv- 2 
ing 100 stimuli at 2.0 Hz followed by a test. pulse after 
various diastolic intervals. The time course of the recov- 
ery was again expressed by 2 exponential functions in 
addition to a fast-recovering component of the Na* chan- . 
nel itself, in both disopyramide and lidocaine. The time 
constant of the recovery from the Vmax in 100 uM diso- | 

pyramide was 483.3 + 70.7 ms (n = 5) (fast com] 
and 43.2 + 2.3 seconds (slow component); in 10€ : 
lidocaine, 198.3 + 21.3 ms (n = 3) (fast component} ad 
6.1 + 2.2 seconds (slow component). 3 
Effects of therapeutic concentration of disopyra a 

































cytes: These myocytes were examined under the curr 
clamp condition. A disopyramide concentration of 11 uN 
was used throughout, bein g close to the therapeutic plas 
ma concentration but slightly higher, to allow for prote 
binding capacity.34 2 

Disopyramide prolongs action potential durat 
(APD) with depression of the plateau and decrea 
Vmax- Table I summarizes further electrophysiologic : 
rameters. Disopyramide decreased action potential a 
plitude and shortened APD at 20% repolarization ` 


repolarization, aisopyrannde Prolonged APD i 


Figure 2 illustrates fre 


0 pyřamide:« on aie iaa period À 
1 by applying double stimuli with vari- 
rvals, The refractory period was pro- 
30 ms on average. 
isopyramide on plateau currents of ven- 
cytes: A therapeutic concentration of diso- 
longed APD (with depressed plateaux) in 
tions but shortened it in some (Table I). To 
se changes in repolarization, the effects of 
on membrane currents were examined un- 
clamp (Fig. 3 and 4). Disopyramide de- 
current at potentials positive to —10 mV. 
t was decreased by disopyramide at poten- 
70 and —50 mV, and positive to +40 mV. | | 
ail current on repolarization was also de- | >. 1. 5. 2 40 20 
ve ara Similar results v were con- Frequency of stimulation (Hz) 


pyramide 


+ 


Vmax (V/second) 


tion. nies cee siel och re of aid 
-arations for the control and or 5 to 10 minutes! of ) 
disopyramide tmen -*p <0.05. 
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—.. 1 second 
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: test voltages to -30 mV. 


E Figure 5 shows the outward tail current (measured as 
-the delayed outward potassium [K+] current [Ix]), which 
ig another important determinant of repolarization. !2 Di- 

_ Sopyramide largely depressed Ix in 3 preparations tested. 


<- DISCUSSION 
The mechanism of the sodium current depression by 
class I antiarrhythmic agents is generally explained by 
the modulated receptor hypothesis.'? According to this 
theory, the actions of Na* channel-blocking drugs, in- 
-cluding disopyramide, are determined (modulated) by 
different binding affinities to various states of the Nat 
~- channel. Transition to drug-bound (blocked) or drug-free 
(unblocked) states can be expressed by the rate constants 
of association and dissociation, which are assumed to 
-have first-order kinetics. However, due to the technical 
difficulties of accurately measuring cardiac Ina, there 
have been few reports describing the effect of disopyra- 
mide on Ina,!4 and the validity of the aforementioned 
hypothesis has not been fully assessed. Instead, Vinax of 
action potentials has been used as an indirect measure of 
Na to assess the drug effects and for kinetic analysis of 
he Na* channel block, although there may be nonlinear- 
-ity between the 2 parameters.'> The most previous data 
on the kinetics of the Vmax block by disopyramide and 
idocaine were best fitted by a single exponential func- 
ion,'®2! except in the study by Kojima et al,22 which 
eported 2 exponential functions. Using a simplex meth- 
od, our result clearly demonstrated that block developed 
ind recovered with 2 exponential functions in the pres- 
ce of disopyramide or lidocaine. Disopyramide exhib- 
da fast development of the block and lidocaine a slow 











‘herefore, classification of class I anti- 








ponent both « of which were ignored in most of the. 
and tance -clamp techniques for high-resolution current recording. from cells and 


ow or fast judged nee these kinet- S 11. Nelder JA, Mead R. Asi 


7 1908: 7: 308-313. 








mal diastolic panies de to ion caus 0 
extracellular clefts, or by 2 different states or sites 
drug-receptor interaction. Incomplete re 
unlikely because the phenomena were obs« 
tively slow frequency of 1.0 Hz. It is also unl 
accumulation of K+ ions would produce: 
depolarization with stimulation at 1.0 Hz. 
exponentials in block development result fre 
Nat channel interaction should be assessed by 
measurement of Ina. 

Isolated myocyte preparations provide a usefill 
mental system, as problems of diffusion of drug 
are minimized and spatial resolution of the voltage 
trol under voltage clamp is better than in multicellul 
preparations. A therapeutic concentration of diso 
mide prolonged APD in most preparations but shor 
it in some. As concentrations higher than 11 u 
ened APD (not shown) and, in multicellular. 
tions and in patients, disopyramide prolonged APD anc 
QT,- we assume that a low concentration of the drug 
actually prolongs APD. With regard to the ionic basis of 
these effects, disopyramide was shown to depress both Ic, _ 
and Ix. Because the 2 currents flow in opposite directions _ 
and the balance between the 2 largely determines APD, _ 
the effects of disopyramide on APD may be expected to 
cause either prolongation or shortening depending on the _ 
conditions of the 2 currents.”4 In this study, disopyramide 
near therapeutic concentration was shown to depress 
V max at all frequencies, to increase threshold current for 
excitation and to prolong the refractory period. All of — 
these effects act to suppress excitability and conduction of ve 
ectopic beats or tachycardias, and to inhibit reentrant _ 
activity. These multiple actions of disopyramide on cardi- _ 
ac membranes may explain its various antiarrhythmic oe 
properties. 
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Electrophysiologic Properties of Atrial Muscle in 
Paroxysmal Atrial Fibrillation 


Kunitake Hashiba, MD, Muneo Tanigawa, MD, Masahiko Fukatani, MD, Akihiko Shimizu, MD, 
Atsushi Konoe, MD, Mitsuo Kadena, MD, and Mitsuhiro Mori, MD 


The electrophysiologic properties of atrial muscle 


were studied by programmed atrial stimulation in 
42 patients with paroxysmal atrial fibrillation 
(PAF) and in 53 control patients without PAF. Sin- 
gle premature atrial stimulation was given at the 
right atrial appendage following 8 basic stimuli 
with a basic cycle length of 500 ms. Repetitive atri- 
al firing (RAF) was defined as the occurrence of 2 
or more successive premature atrial activations fol- 
lowing single premature atrial stimulation. Frag- 
mented atrial activity (FAA) was defined as an in- 
crease by more than 75% of the duration of the 
atrial electrogram in response to a single prema- 
ture stimulation. Interatrial conduction delay was 
defined as an increase of the conduction time by 
more than 50 ms in response to a single premature 
stimulation. RAF was induced in 26 of 42 patients 
(61.9%) with PAF and in 14 of 53 control patients 
(26.4%). FAA and interatrial conduction delay 
were elicited in 69.0 and 80.9% of patients with 
PAF and in 34.0 and 56.6% of control patients, re- 
spectively. In 16 patients with PAF in whom RAF 
was not induced, FAA developed in 11 patients 
(68.8%). In 88.1% of 42 patients with PAF and in 
41.5% of 53 controls, RAF or FAA, or both, were 
elicited by atrial premature stimulation. It is con- 
cluded that the incidence of RAF and FAA were 
significantly higher in patients with PAF than in the 
control group, and the induction of RAF or FAA, or 
both, was closely related to the vulnerability of the 
atrial muscle to atrial fibrillation. 

(Am J Cardiol 1989;64:20J—233) 
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studies of paroxysmal atrial fibrillation (PAF). 

Neither the activation sequence of the reentry cir- 
cuit nor sites of the specific conduction delay are detect- 
able in a clinical setting, but both can usually be demon- 
strated in electrophysiologic studies of paroxysmal supra- 
ventricular tachycardia. Electrophysiologic properties of 
the atrial muscle in PAF were examined. Several electro- 
physiologic findings, such as repetitive atrial firing 
(RAF), fragmented atrial activity (FAA) and interatrial 
conduction delay, were used as indicators of the vulnera- 
bility or susceptibility to PAF. 


Tes are several limitations in electrophysiologic 


PATIENTS 

The study group consisted of 42 patients with PAF 
and 53 patients without any clinical evidence of PAF 
(controls). Of the 42 patients in the PAF group, the 
condition was idiopathic in 22, associated with sick sinus 
syndrome in 11 and with Wolff-Parkinson-White syn- 
drome in 9. In all 42 patients, PAF was symptomatic and 
documented electrocardiographically before the study 
began. Among the 53 patients in the control group, 28 
had Wolff-Parkinson-White syndrome, and in 21 of 
these, reciprocating-type paroxysmal supraventricular 
tachycardia was clinically documented, 13 had atrioven- 
tricular nodal reentrant tachycardia, 11 had Mobitz type 
II or complete atrioventricular block and 1 had ectopic 
atrial tachycardia. Electrophysiologic studies were per- 
formed at least 72 hours after the last dose of any antiar- 
rhythmic medication. 


STIMULATION AND RECORDING 
TECHNIQUES 

The right atrial appendage was stimulated using the 2 
distal electrodes of a quadripolar catheter with an inter- 
electrode distance of 1 cm. Rectangular stimuli, 2 ms in 
duration, were delivered by a Nihon Koden SEC-2102 
stimulator at twice the threshold. Atrial electrograms 
were filtered at 50 to 700 Hz and recorded with a Sie- 
mens-Elema Mingograf 800 at a paper speed of 100 mm/ 
s from 5 different sites in the atrium: right atrial append- 
age, high lateral right atrium, low lateral right atrium, 
distal coronary sinus and His bundle area. A single pre- 
mature stimulation was given immediately following 8 
basic stimuli with a basic cycle length of 500 ms. The 
coupling interval of the premature stimulation was start- 
ed at 490 ms and decreased by 10-ms steps until the 
effective refractory period of the atrial muscle was 
reached. The interatrial conduction time was measured 
from the stimulus artifact at the right atrial appendage to 


the beginning of the atrial electrogram at the coronary 
sinus area. 


DEFINITIONS 

RAF is defined as the occurrence of 2 or more succes- 
sive atrial activities induced by a single premature atrial 
stimulation. FAA is defined as an increase by more than 
75% of the duration of the atrial electrogram as a result of 
a single premature stimulation. Interatrial conduction 
delay is defined as an increase by more than 50 ms of the 
conduction time of a single premature stimulation. 


RESULTS 

In a patient with PAF, RAF was not induced with a 
coupling interval of 490 to 260 ms, but was induced by 
premature stimulation with coupling intervals between 
250 and 190 ms (Fig. 1). Intervals between atrial firing 
waves were slightly irregular at the beginning of RAF; 
the effective refractory period was 180 ms. 

RAF was induced by a single premature atrial stimu- 
lation in 61.9% of the 42 patients with PAF and in 26.4% 
of the 53 control patients (p <0.005) (Table I). The 
incidence of RAF among subgroups was almost the same 
in each of the PAF and control groups, respectively. 

The duration of the atrial electrogram in the prema- 
ture beat is usually prolonged compared with that of the 
basic cycle. In a control patient the duration of the atrial 
electrogram was prolonged from 90 to 95 ms (Fig. 2). Ina 
patient with PAF, the duration of the atrial electrogram 
was prolonged from 110 to 220 ms (Fig. 2). 

The incidence of FAA, defined as an increase by more 
than 75% of the duration of the atrial electrogram, was 
- 69.0% in the PAF group and 34.0% in the control group 
(p <0.005). 

In a control patient, the interatrial conduction time 
was prolonged from 70 to 75 ms by a single premature 
stimulation and in a patient with PAF the conduction 
time was prolonged from 120 to 180 ms (Fig. 3). The 
incidence of the interatrial conduction delay, defined as 
an increase by more than 50 ms of the conduction time, 
was 80.9% in the PAF group and 56.6% in the control 
group (p <0.05). 

Table II summarizes the difference in the incidence of 
RAF, FAA, and interatrial conduction delay between the 
PAF group and the control group. RAF and FAA values 
seem to provide a better guide for differentiation between 
patients in the PAF group and those in the control group 
than does interatrial conduction delay. 

Of the 42 patients with PAF, RAF was induced by 
single atrial stimulations in 26 (Table III). Of the 16 
patients in which no RAF was induced, FAA was in- 
duced in 11. Combining RAF and FAA together, the 
incidence of induction was 88.1% in 42 patients with 
PAF. Conversely, in the control group, the incidence of 
RAF or FAA, or both, was 41.5% and was not considered 
sufficiently low. 


DISCUSSION 

The reentry circuit cannot be directly demonstrated in 
the clinical laboratory, and indirect electrophysiologic 
findings have been proposed as criteria to indicate atrial 
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FIGURE 1. Single premature atrial stimulation (StE) was given 
following 8 successive basic stimulations (St1 to St8) with a 
basic cycle length of 500 ms. Repetitive atrial firing (RAF) 
was not induced when StE was given with coupling intervals 
(CI) of 260 to 490 ms, but at a CI of 250 ms was induced; 
RAF was induced by StE with a Cl of 250 to 190 ms. Effec- 
tive refractory period of the right atrial muscle was 180 ms. 
Values are expressed in milliseconds. CSd = coronary sinus 
distal area; HBE = His bundle electrogram; HLRA = high lat- 
eral right atrium. 


TABLE I Incidence of Induction of Repetitive Atrial Firing 
(RAF) in the Paroxysmal Atrial Fibrillation (PAF) and Control 
Groups 


No. of Patients 


RAF Induced 


PAF 
Idiopathic 14 (63.6%) 
SSS 7 (63.6%) 
WPW 5 (55.6%) 
Total 26 (61.9%) 
Control 


8 (28.6%) 
3 (23.1%) p <0.005 


3 (27.3%) 
0 (0%) | 
14 (26.4%) 


AVNRT = atrioventricular nodal reentrant tachycardia; EAT = ectopic atrial tachy- 
cardia; SSS = sick sinus syndrome; WPW = Wolff-Parkinson-White syndrome. 


vulnerability to PAF. Conversely, the induction of PAF 
itself is not a practical method of electrophysiologic stud- 
ies, because, following single premature atrial stimula- 
tion, the incidence of the induction is low even in patients 
with PAF. Alternatively, if rapid burst pacing of the 
atrium is employed, the induced atrial fibrillation is fre- 
quently nonspecific, and once induced, sinus rhythm can 
be restored only by direct-current cardioversion or intra- 
venous injection of antiarrhythmic drugs, unless atrial 
fibrillation is terminated spontaneously in a short time. 
Repeated direct-current cardioversion is unacceptable in 
clinical laboratory studies, and the administration of anti- 
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A SYMPOSIUM: NEW TRENDS IN THE TREATMENT OF RHYTHM DISORDERS 
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arrhythmic drugs disturbs further electrophysiologic 
studies. 

Thus, in this study, the incidence of RAF, FAA and 
interatrial conduction delay were studied in patients with 
PAF and compared with the control group. 

Repetitive atrial firing: In the studies of Cosio et al,! 
RAF occurred in 6 of 12 patients with PAF and in 7 of 27 
control patients. It was concluded that repetitive atrial 
responses were of no predictive value for PAF.!? 

Engel et al? reported that atrial fibrillation, or “flut- 
ter” (the latter of which could be taken to be the same as 
RAF), was induced with extrastimulation of multiple 
atrial sites in 9 of 12 patients with documented spontane- 
ous paroxysms of atrial fibrillation or flutter and in 12 of 
33 patients without PAF. 

In the present study, RAF was induced in 61.9% of 
patients with PAF and in 26.4% of control patients (p 
<0.005). Although the value of 61.9% may not be high 
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FIGURE 2. (a), in a control patient, 
the duration of the atrial electro- 
gram at the high lateral right atri- 
um was increased from 90 to 95 
ms by a single premature atrial 
stimulation (StE) with a coupling in- 
terval of 260 ms. Fragmented atrial 
activity was not induced. (b), in a 
patient with paroxysmal atrial fi- 
brillation, the duration of the atrial 
electrogram was prolonged from 
110 to 220 ms by a single prema- 
ture atrial stimulation with the 
same coupling interval as in the | 


FIGURE 3. (a), in a control patient, 
interatrial conduction time was pro- 
longed from 70 to 75 ms by a sin- 


conduction time was prolonged 
from 120 to 180 ms by StE, show- 
ing interatrial conduction delay. 
Values in milliseconds. Abbrevia- 
tions as in Figure 1. 


TABLE Il Comparison of the Incidence of Repetitive Atrial 
Firing (RAF), Fragmented Atrial Activity (FAA) and Interatrial 
Conduction Delay (IACD) Induced by Single Premature Atrial 
Stimulation in the Paroxysmal Atrial Fibrillation (PAF) and the 
Control Groups 


% of Patients 


FAA 


PAF 
Control 


enough for RAF induction to be considered as a predictor 
of PAF, the induction of RAF by a single premature 
atrial stimulation would discriminate between the control 
and PAF group to some extent. 

Fragmented atrial activity: FAA was used as one of 
the electrophysiologic parameters indicating atrial vul- 
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( The FAA \ was dekad as an increase by 
% instead of 50% of the duration of the atrial 
ım and its incidence was compared between the 
control groups. 
e of induction of FAA was 69.0% in the 
nd 34.0% in the control group (p <0.005) in 
study. Thus, induction of FAA might discrim- 
en the PAF and control groups to some extent 
resent definition of FAA is used. 
eratrial conduction delay: The inter- or intra- 
duction delay has also been used as an electro- 
value to indicate atrial vulnerability.!-7 Cosio 
ported that the inter- and intraatrial conduction 
vas significantly wider in the atrial fibrillation 
than in the control group. Shimizu et al? also re- 
ilar results using the definition of the interatri- 
tion = as an increase les more than 20 ms in 


























tate a vat interatrial conduction delay was 
Jefined as an increase by more than 50 ms of the conduc- 
tion time, and its incidence was compared between PAF 
ae er groups. The incidence of interatrial conduc- 
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| Fragmented Atrial Activity (FAA), or Both, in nthe Paro 
Atrial Fibrillation (PAF) and. Control Groups _ o o 


No. of Patents 








FAA RAF or FAA or Both. | 





Total 







PAF 42 (+) 26 


37 (88.1%) 
(~) 16 


(+) at 


(-)5 
p <0.001 






Control 53 (+) 14 


22 (41.5%) a 
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* 31 


duction delay alone (Table III). The incidence of RAF o or T 
FAA, or both, was 41.5% in the control group and may 
still be considered too high. S 

However, the control patients in the present study . 
were not normal but were patients with some arrhythmia 
for which the electrophysiologic study was performed. 
False-positive cases of PAF in the control group deserve _ 
long-term follow-u up study. : E 












(+) = induced; {—)} = not induced. 
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onic I lechanisms of the Depre sior 
Au tomaticity and Conduction in the Rabbit 
Atrioventricular Node Caused by Hypoxia or 


Metabolic Inhibition and Protective 
Action of Glucose and Valine | 


Masao Nishimura, MD, Hideo Tanaka, MD, Nobuo Homma, MD, Takeo Matsuzawa, 
and Yoshio Watanabe, MD : 





Ee oa The effects of hypoxia anda metabolic inhibitor, 
sodium cyanide (NaCN), on the spontaneous action 
potential and membrane current systems were 
studied in small preparations (0.2 x 0.2 x 0.1 mm) 
of rabbit atrioventricular node. When the PO- of 
the superfusate was lowered from 500 to <20 mm 
Hg, all the preparations initially showed reductions 
in the spontaneous firing frequency (due to the de- 
creased rate of diastolic dep | 
mal rate of depolarization, which were followed by 
_ a cessation of automatic activity with subsequent 
membrane hyperpolarization to -57 +3 mV (n= 
4). Voltage clamp experiments using double micro- 
electrode techniques revealed that hypoxia reduced 
the slow inward current by 20 to 80% without af- 
„fecting its inactivation kinetics. The delayed rectify- 
ing potassium current tail was also reduced or 
abolished by severe hypoxia, whereas the back- 





ground outward current was greatly increased. The 





creased by pense Similar changes i in the sponta- 
neous action potential and membrane currents 
-were obtained on adding 0.1 to 0.5 mM NaCN to 





tthe s sate under conditions of normal PO2. 
0 a ee Hypoxia-induced suppression of automaticity was 
reversed completely by 5 mM glucose, and partially 
~~ by 40 mM valine. These results suggest that (1) 
_... hypoxia impairs atrioventricular nodal conduction 
oe y reward the slow inward current and the de- 
‘fay ectifyin potassium current; (2) hypoxia de- 
autom; ticity by increasing the background 
out current and, to some extent, by reducing 
| -the slow inward current; and (3) glucose and valine 
eS Saniute to the generation of high-energy phos- 
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(Am J Cardiol 1989;84:243-281) : 


depresses mechanical and electrical function of 

the cardiac muscle. Hypoxia or metabolic inhibi- 
tion depresses automaticity in the sinoatrial node’? and 
impairs conduction in the atrioventricular (AV). node. 36 
Hypoxia reduces action potential amplitude and the rate 
of diastolic depolarization in these tissues.?5:’ Reports 
have described a reduction in the slow inward current (Us) 
in the AV node® and in rat ventricular muscle? during 
hypoxia. Other studies have shown, however, that hypox- 
ia or metabolic inhibition by 2,4-dinitrophenol does not. 
affect Is, but increases a time-independent or outward- 
rectifying potassium current in ventricular. cells.!0!) 


A reduction of oxygen — by eae or rischemia 


_ Thus, the effects of hypoxia and metabolic inhibition on- 


cardiac muscle are still controversial. The present. study 
examines the ionic mechanisms underlying. hypoxia-in- 
duced electrical dysfunction of the AV node and the 
actions of glucose, leucine and valine against the effects of 


hypoxia. 


METHODS oe 

Rabbits of either gender (weighing 1.5 to 2. 0 kg) were 
killed by a blow to the head. The heart was removed and 
the AV node (approximately 5 X 3 mm) was dissected 
out. A small strip of tissue (3 X 0.2 mm) was cut from the 
central portion of the AV node and ligated with fine silk” 
sutures to obtain preparations with final dimensions of 
approximately 0.2 X 0.2 X 0.1 mm. The preparations 
were placed in a tissue bath and superfused at a flow rate 
of 10 ml/min with a modified Tyrode’s solutio 
composition (in mM): NaCl! 136.9, KCI 4.0, Ca 
MgCl, 1.0 and NaH>PO, 0.33, pH adjusted to’ 
Na-HPO;,, temperature 37 + 1°C, Normoxic and 
ic superfusates were made by. saturating the Ty 
solution with 100% Oz or 100% No, resulting i m. PO of : 
500 to 550 or 16 to 20 mm Hg, respectively. Sodium 
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FIGURE 1. Effects of hypoxia (a) and NaCN Hypoxia 
(b) on the spontaneous action potential of the (b) 
AV node. AP = action potential; MRD = max- 
imal rate of depolarization; SFF = spontane- AP 
ous firing frequency. 
MRD ~— 








O/min 
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80 
FIGURE 2. Membrane current amplitudes vs m4 se 
time during hypoxia. The membrane was de- E 
polarized from —40 to 0 mV by a pulse ap- D 
plied every 30 seconds for 500 ms. The up- = 40 
per current traces (A, control; B and C, hyp- = 
oxia; D, reoxygenation) were recorded at E 
corresponding times labeled A © 20 
through D on the lss curve. I, tail = delayed © 
rectifying potassium ion current tail; In, = 2 
holding current at —40 mV; I.; = slow inward 5 0 
current; l, = steady-state current at 0 mV. 
—20 


Spontaneous action potentials were recorded using 
conventional glass microelectrodes filled with 3M KCI, 
with tip resistances of 20 to 50 MQ. Voltage clamp ex- 
periments were conducted using double microelectrode 
techniques.!>!3 Data are expressed as mean + standard 
deviation. Statistical analysis was performed with Stu- 
dent paired ¢ test, and p values <0.05 were considered 
significant. 


RESULTS 
Effects of hypoxia and NaCN on the spontaneous 


) ~ action potential: Figure 1 (a) shows representative results 


of transfer of the AV node to hypoxic conditions in the 
absence of glucose. The spontaneous firing frequency de- 
creased. The action potential amplitude and duration re- 
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mained almost unchanged, although the maximal rate of 
depolarization decreased slightly. Spontaneous activity 
then ceased and hyperpolarization followed. (Mean rest- 
ing membrane potential during hypoxia was = 37 £3 
mV, n = 4). Similar hypoxia-induced hyperpolarization 
was observed in a calcium-free medium containing 5 mM 
ethyleneglycol-bis-(6-aminoethyl ether) N,N,N’,N’-te- 
traacetic acid, and was accompanied by an increase in the 
resting tension (not shown). Reoxygenation of the super- 
fusate immediately restored the spontaneous activity. 
NaCN progressively decreased the overshoot of the 
action potential, maximal diastolic potential, maximal 
rate of depolarization and spontaneous firing frequency 
(Fig. 1b). However, the take-off potential and threshold 
potential duration remained unchanged in 0.1 and 0.22 
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Membrane potential (mV) 
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a rent (lu) and its time course of inactivation: raw current (a), I; 


(by, log hy (0), during normoxic (N) and hypoxic (H) superfu- 
~ sions, (d) Effect of hypoxia on the I.;-membrane potential rela- 


ceased with a subsequent marked hyperpolarization to 
=60 mV. These effects were completely reversed by 
washing out the drug. NaCN exerted essentially the same 
effects on the AV node action potential as hypoxia. 


mM NaCN. In 0.5 mM NaCN, the spontaneous activity 
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cause the maximal rate of depol: 
without an accompanying decrease ir 
tential, and the resting membrane wa 
after cessation of automaticity. Figure 
course of the membrane currents during s 
The membrane was depolarized to. 0 mV 
and delayed rectifying potassium curren : 
decreased by the introduction of hypoxic s 
was followed by marked outward increases 
current and steady-state current at 0 mV ar 
in Ix tail. These changes were progressively 
with time, finally resulting in a complete bloc 
and an 80% block of I,; at 6 minutes. Hypoxia 
creased the hyperpolarization-activated inward 
(not shown). On reoxygenation of the perfusate, 
currents returned to the control levels within 2 m 
As I; plays an essential role in both automatic 
conduction in the AV node, the effect of hypoxia 
current was studied in greater detail. Figure 3 
the raw current traces obtained on step depolar 
from —40 to —10 mV. Ix and background curr ere 
subtracted from the original current to obtain the isolated _ 
Ij; in Figure 3 (b). The effect of hypoxia on the time 
course of inactivation was studied by plotting the current _ 
semilogarithmically, after inverting the current polarity — 
(Fig. 3c). The straight lines fitted to the inactivation _ 
phase during normoxia and hypoxia showed the same _ 
slope, suggesting that inactivation time course was not _ 
affected by hypoxia. Figure 3 (d) shows that hypoxia _ 
reduced I,; at all test potentials without changing the _ 





































































FIGURE 4. Actions of 





entative experiment (Fig. 4), hypoxic super- 

ced the maximal diastolic potential and the 

s firing frequency. Five minutes later, cessa- 

€ spontaneous action potential was observed, 

by a gradual membrane hyperpolarization to 

ately -63 mV. When 5 mM glucose was added 

xde’s solution, spontaneous activity was re- 

the resting membrane was depolarized to 

g. 4a). Addition of 40 mM leucine to the 

tion caused no detectable changes in the rest- 

| (Fig. 4b). In contrast, subsequent addition 

valine slightly depolarized the resting mem- 

‘om —52 to —48 mV, finally restoring spontane- 

vity. Although the spontaneous firing frequency 

wer. than that during the control superfusion or 
washout, valine clearly attenuated the deleterious 

fects of hypoxia. Similar results were obtained in 4 
her AV nodal preparations, when 40 mM valine alone 
; added to the hypoxic superfusion. Osmolality of the 
superfusate was not corrected, but as the initial addition 


of 40 mM leucine to the superfusate did not reverse the 


effects of hypoxia, the beneficial effect of 40 mM valine 
was Probably not dependent on the high osmolality. 


The results clearly suggest that hypoxia or NaCN 
depresses automaticity and possibly impairs conduction 
n the AV node, and that glucose and valine can correct 
these electrical dysfunctions in the presence of hypoxia. 
The electrophysiologic and biochemical mechanisms will 
be discussed in the next section. 

-> The ionic mechanisms responsible for pacemaker ac- 
tivity in the AV node include deactivation of I, activa- 
tion of Isi and hyperpolarization-activated inward current 
and the presence of inward background current (Ip) in the 

tial range of the slow diastolic depolarization.'4 The 
data suggest that an outward shift of I, plays a 

> in inhibiting automaticity and conduction dur- 
hypoxia, and that a reduction in Is further augments 

e dysfunctions. Outward I, during hypoxia increases 
in other cardiac tissues such as the sinoatrial node'> and 
ventricular muscle.!°!! This might have resulted partly 

fom an increase in the intracellular calcium ion concen- 
tration.'° However, using the patch clamp method, the 
presence of adenosine triphosphate (ATP)-regulated, 
pecific potassium ion channels was demonstrated in atri- 

, AV nodal and ventricular myocytes.'°"'* Hence, the 
me-dependent outward I, observed in the AV node dur- 
g hypoxia may well represent the same ATP-regulated 
otassium current. However, Elliott et al!? recently re- 

that: intracellular. ATP. concentration decreased 


he range where | 
id be netiyated 


whet the ventricular action pe 


ing metabolic blockade in t 
mechanism of increase in outward Ty is st 

The degree of Iņ blockage varied from spec 
specimen. This is in agreement with results of Pay 
but in contrast to Vleugels et al’? who found no detect 
changes in this current. Because the inactivation tiz 
course was not affected by hypoxia, a likely mechanisn 
underlying the reduction of I,; is a decrease in its driving 
force or conductance, or both. The decrease in I,; condi 
tance, in turn, may have resulted from impaired ph 
phorylation of the slow channels due to reduced ATP 
levels. 

The most striking finding was that the electrophyio 
logic changes caused by hypoxia were reversed by valine 
It is well known that glucose can improve hypoxia-i 
paired ATP synthesis through glycolytic substrate leve 
phosphorylation. Electrophysiologically, this notion has 
been substantiated by many investigators.8:!!.!5.20 
However, a protective action of valine against hypoxia, o 
possible valine-mediated ATP production in the cardi 
muscle, has not been demonstrated previously. Bioche: 
cally, valine enters the tricarboxylic acid cycle after bei 
degraded to succinyl coenzyme A (CoA) via propio 
and methylmalonyl CoA. This degradation process is 
tiated by transamination”* and followed by a rate-limit 
ing decarboxylating dehydrogenase reaction. This i 
known to be activated under conditions of ATP deple- 
tion.23:24 Succinyl CoA then undergoes deacylation to 
yield succinate and guanosine triphosphate. Therefore, 
excessive valine is expected to stimulate this pathway ane 
protect mitochondrial metabolism from hypoxia, al 
though production of high-energy phosphates by valine is. 
not as efficient as that by glucose. Another amino acid, 
glutamate, has similar protective action against hypox- 
ia.2>-27 Glutamate also contributes to ATP production via. 
the tricarboxylic acid cycle. In contrast to these amino: 
acids, leucine was unable to antagonize hypoxia. This- 
may result either from a hypoxia-induced shortage of: 
available ATP, which is required for the ketogenic meta- 
bolic pathway converting leucine to acetyl CoA and ace- 
toacetate (the latter requires succinyl CoA to convert 
itself to acetyl CoA), or from impairment of other enzy 
matic reactions in this pathway due to the lack of oxyge 
and oxaloacetate. : 

Nevertheless, some amino acids, suena to inter 
mediates of the tricarboxylic acid cycle, can generat 
high-energy phosphates via substrate level phosphoryla 
tion in hypoxic myocardium. Therefore, not only glucos 
but also amino acids may play a pivotal role in restori 
automaticity and conduction in the AV node when the 
are depressed by hypoxia or metabolic inhibition. 
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gation and polymorphic ventricular 

orsades de pointes” have occurred in 

ith electrolyte abnormalities and dur- 

h class IA and Ill antiarrhythmic 

al recent studies have suggested that 

thmia may be due to bradycardia-depen- 

afterdepolarizations and triggered activi- 

se drugs produce 2 types of triggered activi- 
ach with a different frequency profile. The pos- 

i ble role of each type in arrhythmia generation is 

_ discussed. The existing evidence suggests that 

_ drug-induced triggered activity may originate in the 

_ Purkinje system. Triggered activity can be abol- 

_ ished or prevented by various interventions that are 

also effective clinically. The results of studies at the 

_ cellular level, when compared with recordings of 

__ monophasic action potentials in vivo, suggest a role 

— or early afterdepolarizations i in torsades de pointes 

arr ome 
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agents, paradoxical induction of a distinctive 
_polymorphic ventricular tachycardia can occur in | 

5 to 10%, particularly in those with hypokalemia. and ) 
bradycardia.'~3 The mechanism may be triggered activi- : 
ty due to early afterdepolarizations (EADs).””’ f 
Two features of antiarrhythmic drug-induced tor- 
sades de pointes are that tachycardia almost invariably 
occurs after a pause or abrupt deceleration in rate, a 
the first tachycardia complex is late coupled tothep 
ceding normal complex, emerging from a large postpau 
U wave. The T wave preceding onset of torsades: 
pointes typically loses amplitude while the U wave ga 
amplitude, often making it difficult to distinguish: be 
tween the two. The U-wave amplitude is related directly 
to the magnitude of the preceding pause and appears to = = 
be a better predictor of arrhythmogenicity than the abso- = 
lute QT interval.2 Hence, whatever determines the origin. = 
of the U wave probably plays a role in this arrhythmia. = 
Quinidine has been the most frequently cited culprit = 

in torsades de pointes. However, long QT syndrome 
has been associated with most class IA and HI drugsand 
with class I or IV agents which also have class IH actions a a 
(e.g., sotalol and bepridil). Le Beas 


EARLY AFTERDEPOLARIZATION-INDUCED - 
TRIGGERED ACTIVITY IN VITRO ee 

In all the experimental models, a marked prolonga- ae 
tion of action potential duration (APD) in association 
with bradycardia plays a critical role in the induction of 
triggered activity.>-*! a 

The present study was of triggered activity produced | 
by quinidine, disopyramide and a new selective Ix (de 
layed rectifier) blocker, WY-48986, in false tendon papil 
lary muscle preparations from canine ventricles, unde 
conditions of hypokalemia and bradycardia. 16-18 Trig 
gered activity produced by all 3 drugs is similar, excep 
that the class IA drugs are effective at therapeutic con 
centrations, whereas the class HI drug required highe 
concentrations. wl 

All 3 drugs produce 2 types of EADs and trigger et 
activity (low membrane potential [MP] EADs observed 
at the action potential plateau, and high MP EADs d 
ing the terminal phase of repolarization). Both types m 
occur separately or may be manifest in the same act 
potential (Fig. 1). The incidence of both types of 


A mong patients receiving repolarization-delaying 


ulation, Triggered petvity arising. rom high 





{c}.Low MP EADs + high MP EADs 


1000 
msec 


Membrane potential (mV) 


(d) Low MP EADs + triggered AP 


a 16 ug/ml, in foro solution containing 2.7 mM potassium. 
-Cycle lengths (in seconds): (a) 1; (b) 2; (c) 4; (d) 5 (here the 


. high membrane potential [MP] EAD resulted in a triggered ac- 
tion potential [AP}). 


< was always manifest at rates considerably slower than 


-those associated with low MP activity. 
< High MP EAD can result in triggered action poten- 
tials with long coupling intervals to the basic beat which 
-can propagate to muscle (Fig. 2). They occur preferen- 


tially in well-polarized Purkinje fibers subjected to mod- 
<`. 'erately reduced external potassium concentrations, but 
~ — extreme bradycardia and a critical increase in the magni- 
~- tude of the high MP EAD are required. Catecholamines 
ean decrease the minimal cycle length at which triggering 
-first occurs. to values more clinically relevant, without 


ecessarily altering the magnitude of the EAD. 
-The role of low MP EADs is unclear. Generation of 
‘low MP EADs in false tendons can create marked differ- 
ences in repolarization between Purkinje cells on the free- 
nning strand and those on the subendocardial surface 
ich have durations similar to those in adjacent ventric- 
lar muscle. In the presence of quinidine, low MP EADs 
ave been associated with coupled responses in ventricu- 
ar muscle, which occur at much shorter coupling inter- 
als than those associated with high MP EADs (Fig. 2). 
techolamines can increase the number of low MP 
.Ds in free-running Purkinje fibers in the presence of 
her class IA or II drugs and can facilitate induction of 
‘itation in muscle. 
How low MP EADs give rise to coupled responses in 
scle is unclear. One possibility is via the mechanism of 
onged repolarization-dependent reexcitation.” 6 The 
é city for Teexcitation will depend not only on the in- 


1 second : 


cartied freon 2 tes on ¢ aloe kadai (asec ad coca: ae 
traces) and from ventricular muscle (bottom trace). ovate : a i 
spontaneous cycle length greater than 5 seconds quinidine in- _ 
duces high MP EADs that result in triggered action potentials _ 
that propagate to muscle. (b), in another preparation quinidine — 
induces low MP EADs at a shorter cycle length that are ac- ae 
companied by closely coupled responses in muscle. Vertical 
calibration: 20 mV. ER 
must bring to threshold subendocardial cells hat are 
connected to a large ventricular musele mass and have X 
high excitability thresholds. If this is the mechanism of 
initiation of coupled beats in ventricular tissue, its occur- _ 
rence must indeed be rare. Because such beats. would _ 
occur immediately after full repolarization in ventricular — 
muscle, they could set the stage for a reentry mechanism _ 
because of delayed repolarization at many sites. in the 2 
Purkinje system. eer: 
Subendocardial Purkinje fibers surviving in. areas 
transmural infarction may be susceptible to the inductio 
of EADs in the presence of repolarization-delayi 
drugs.'* The mechanism is not known but may be rela 
to uncoupling of ischemic Purkinje fibers from muscle. 
it may be that these cells are overloaded with calcium 


SITE OF ORIGIN OF TRIGGERED ACTIVI ry 
The exact site of origin is still unclear. In in 
experiments, only Purkinje fibers develop ma 
bradycardia- dependent prolongation of APD. High 
EADs may occur in isolated ventricular myocard 


-vitro after 4 a to © 6 bours of exposure toqui idi 
pa ed by differences i in the membrane = ae 


ontiguous cells but also on the excitability of  Kinje je fibe ers. FION 
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activity in this tissue, even in the presence of 
lamines. In fact, uncoupling from ventricular 
seems to facilitate triggered activity in Purkinje 


anifestation of triggered activity as a late coupled 
dependent on its transmission to ventricular mus- 
‘atecholamines may facilitate this. The demonstra- 
1 that triggered activity can occur at multiple sites 
S within the Purkinje system may underlie the polymorphic 
_ nature of this arrhythmia. 
_. Circumstantial evidence for triggered activity in vivo 
ok 8 been provided by the recording of monophasic action 
"potentials using the new contact-type electrode. !0:13.14,20 
Only endocardial recordings showed evidence of trig- 
-gered activity and this corresponded with the U wave. 20 Tf 
_ monophasic action potentials recorded from the endocar- 
_ dial surface reflect the electrical activity of Purkinje fi- 


-bers as well as subendocardial muscle fibers, these data 


- support a site of origin within the Purkinje network. How- 
ever, they do not indicate the mechanism causing the 
arrhythmia. Mere differences in repolarization between 
| rkinje fibers and adjacent muscle can produce similar 

ctions as true afterdepolarizations, on a monophasic 
ion potential recording. The response of the QTU in- 
val to rapid pacing followed by abrupt slowing may 

de further indirect evidence for the site of origin of 
X D-induced triggered activity in vivo. 


BLE IONIC MECHANISM RESPONSIBLE 
FOR EARLY AFTERDEPOLARIZATIONS 
AN D TRIGGERED ACTIVITY — 
: “Drugs that are clinically relevant prolong repolariza- 
ion principally by blocking potassium channels. Selective 
potassium channel blockers can produce EADs and trig- 
red activity even at normal potassium levels but only at 
h concentrations and during profound bradycardia. 
Vith drugs that block both inward and outward cur- 
; (e.g., quinidine, disopyramide, lidoflazine, bepridil), 
ility to induce EADs depends on the outward block 
. nating (ic e. ene repolarizing current rel- 


of sodi um channels. | 


dent.!72 Recovery from block occurs during the diastolic 
interval when most of the sodium channels are in the 
resting state. In contrast, quinidine’s effect on potassium 
channels is bradycardia- and disuse-dependent. The dri 
preferentially blocks rested channels present during diz 
tole. Unblocking occurs during the action potential 
Thus, progressive inhibition of the delayed rectifying cu 
rent and simultaneous unblocking of sodium chann 
during bradycardia would be expected to unmask inwa 
currents active during repolarization. At the concentra: 
tions and heart rates at which quinidine induces EADs, _ 
the drug exerts little or no. effect on Vmax of the action 
potential and yet has prominent effects on phase 316 | 
Thus, induction of triggered activity appears to require an 
initial lengthening of APD and a time- and voltage-de: 
pendent reactivation of channels that can carry an inward 
current (e.g., the steady-state sodium “window” curre 
or the slowly inactivating sodium current or the L-type 


calcium channel window current). 


Drugs that block the closed state of the I channel wi 
produce the greatest lengthening of APD under condi 
tions of bradycardia and can predispose the heart to trig 
gered activity and arrhythmia, particularly in the pres 
ence of catecholamines that enhance inward current. 
However, this effect rarely occurs at physiologic he t 
rates. 

It has been suggested that triggered activity may 
associated with calcium overload and that the sam 
mechanism may be responsible for both delayed afterde 
polarization and EADs, but there is some evidence t 
refute this.?4 


INTERVENTIONS THAT ABOLISH 
TRIGGERED ACTIVITY 

EAD-induced triggered activity can be suppressed b 
modifying one or more of the currents involved in AP 
lengthening (indirect block) or by suppressing the i inw 
current involved in its generation (direct block). 

The most effective intervention for torsades de point e 
arrhythmias is rapid pacing. If pacing rate is increa 
during triggered activity in vitro, there is an. in 


per a : abolition of of idee 3 ace and shortening 











trations. elisninnd e it rby cabaocine automaticity. 
we. Class IB sodium channel blocking drugs abolish trig- 
gered activity, particularly that due to high MP EADs. 
Triggered responses induced by quinidine are abolished 
by both mexiletine and tocainide.'®!7 Class IB drugs act 
either by reducing the fast inward current, so that EADs 
are unable to produce triggered action potentials, or by 
-decreasing APD through reduction of the steady-state 

window current or slowly inactivating sodium current, so 
that EADs themselves are eliminated. If the time con- 
stant for recovery of the sodium channels is too short 
(e.g., with lidocaine), there will be no accumulated block 
of sodium channels at the slow rates at which triggered 
activity occurs and effectiveness of such a drug will de- 
pend on sufficient use-independent drug binding. Thus, 
class IB drugs with longer recovery time constants are 
likely to be more effective. 

= Calcium channel-blocking drugs eliminate triggered 

activity due to low MP EADs without altering APD.!!!9 

_ More studies are needed to determine if they are equally 

` effective against high MP EADs and to what extent T 

and L calcium currents are involved. Magnesium is effec- 

tive against quinidine-induced EADs and triggered activ- 

ity in vitro!3-2> and cesium-induced arrhythmias in vivo,!3 
-+ probably by depression of calcium currents. 

Some of the new smooth muscle relaxants that in- 
crease potassium Conductance (e.g., pinacidil) are effec- 
tive in abolishing EADs and should be investigated fur- 
ther. 


CLINICAL RELEVANCE 
The precise role of EAD-induced triggered activity in 

drug-induced torsades de pointes needs to be established. 
< Whereas bradycardia favors drug-induced long QT syn- 

drome in humans, heart rates favoring this arrhythmia in 
isolated preparations are generally much slower than the 
physiologic range, even in the presence of catechol- 

amines. Rate-related entrance block into the arrhythmo- 
genic focus may allow for the requisite arrhythmogenic 
_ pause.’ Second, the intrinsic frequency of sustained trig- 
> gered activity seldom exceeds 120 beats/min, which is 
. considerably less than the typical tachycardia rate of 
~  >200 beats/min in patients with torsades de pointes. 
_ Either the triggered beat is only the initiating beat and 
-the rhythm is sustained by a reentry mechanism, or some 
2 component is missing in isolated preparations. 
=- The incidence of long QT syndrome is much greater 
with quinidine than with disopyramide or procainamide. 
The reason for this may lie in the activities of the metabo- 
lites. The metabolites of quinidine are all capable of pro- 
-longing repolarization and inducing EADs.?” However, 
he major metabolite of disopyramide has opposite effects 

APD: It prevents triggered activity (Fig. 3). Further 
studies are needed to resolve these issues. 
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Evaluation of Antifibrillatory Effects of Drugs 


Tsuneaki Sugimoto, MD, Yuji Murakawa, MD, and Iku Toda, MD 





Several electrical stimulation techniques have been 
used to measure ventricular fibrillation (VF) thresh- 
old such as single pulse stimulation, train of pulses 
stimulation, continuous 50-Hz stimulation and se- 
quential pulse stimulation. This study was under- 
taken to clarify the difference in VF threshold val- 
ues obtained by each method. The development of 
VF was classified into 4 stages. Stage 1 is the 
phase in which fragmented activities are generated 
at the stimulated area of the ventricular muscle. In 
stage 2, the local activities propagate to surround- 
ing ventricular muscle, causing ventricular excita- 
tion. Stage 3 is characterized by repetitive ventric- 
ular excitations. In stage 4, repetitive ventricular 
responses in a form of accelerating tachycardia in- 
duce disorganized excitations that finally degener- 
ate into fibrillation. Based on this classification of 
stages between local excitation and fibrillation, sin- 
gle pulse stimulation is considered to measure VF 
threshold for stages 1 to 4, continuous 50-Hz stim- 
ulation for stages 2 to 4 and sequential pulse stim- 
ulation for stages 3 and 4. Thus, the antifibrillatory 
effect of drugs can be interpreted with some signifi- 
cance by using different stimulation methods. 

The sequential pulse stimulation method re- 
vealed that some antiarrhythmic agents caused a 
dissociation between repetitive nonstimulated exci- 
tation (RE) threshold and VF threshold. Procain- 
amide and disopyramide increased RE threshold 
while decreasing VF threshold. Mexiletine and lido- 
caine elevated both RE and VF thresholds. Local 
infusion of procainamide at the site of test stimula- 
tion reduced both thresholds. However, after the 
application of procainamide to the whole heart, RE 
threshold remained decreased but VF threshold 
was elevated. It is likely that the antifibrillatory ef- 
fect of the drug includes 2 different processes: an- 
tireentrant and antimultiple reentrant effects. 

(Am J Cardiol 1989;64:33J-—36)J) 
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ventricular arrhythmias aims to prevent the devel- 

opment of ventricular fibrillation (VF). Therefore, 
it is important to establish a method for the assessment of 
ventricular vulnerability to fibrillation, to evaluate the 
antifibrillatory effects of the drugs and to study the elec- 
trophysiologic properties involved in the antifibrillatory 
action. The present study assesses the techniques for the 
measurement of ventricular vulnerability to fibrillation 
and the antifibrillatory mechanisms of antiarrhythmic 
drugs. 


T he use of antiarrhythmic drugs in the treatment of 


EVALUATION OF VENTRICULAR 
FIBRILLATION THRESHOLD 

To measure the VF threshold in animal experiments, 
several electrical stimulation techniques have been used, 
such as single pulse stimulation, train of pulses stimula- 
tion, continuous 50-Hz stimulation and sequential pulse 
stimulation. There are also some modified methods, such 
as the sequential R on T pacing method or the 3 ventricu- 
lar premature contractions (VPCs) method. 

In the sequential R on T pacing method,’ 3 stimuli are 
applied on the ventricle in close succession, each of which 
is discharged just after the refractory period of the pre- 
ceding response. By altering the intensity and timing of 
the third pulse, changes in ventricular electrical instabili- 
ty can be probed. In the 3 VPC method, the VF threshold 
is determined by delivering a train of stimuli after the 3 
ventricular excitations that are induced by 3 sequential 
stimuli.? 

Single pulse stimulation and train of pulses stimula- 
tion methods: Wiggers and Wegria? suggested that the 
sensitivity of the ventricle to fibrillatory agents might be 
estimated quantitatively by determining the strength of a 
brief shock which causes fibrillation when applied late in 
systole. This led to the use of single, 10-ms pulses of 
increasing current to span late systole. To reduce the time 
involved in this method, the train of pulses stimulation 
method was developed and has been the most widely used 
technique for determining vulnerability.* 

An experiment was performed using canine hearts, in 
which a single, 10-ms pulse stimulation was applied dur- 
ing the vulnerable period of the cardiac cycle.° Several 
repetitive ventricular excitations arose, which degenerat- 
ed into VF. The current strength of the stimulus at this 
point is defined as the VF threshold. Fragmented activi- 
ties were induced locally at the stimulated area, caused 
several propagated ventricular responses that recurred at 
progressively decreasing intervals and resulted in fibrilla- 
tion. 

The nature of the fragmented activities induced by 
single pulse stimulation can be explained as follows®: A 
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mulus will simulta- 
ial cells at various stages of the 
s, the stimulus increases the degree of 
yhrony. between adjacent myocardial cells with re- 
gard to refractory periods, conduction velocities and ex- 
citabilities and then causes local reentrant excitation 
-around the stimulated site. Therefore, the VF threshold 
_determined by the single pulse stimulation method can be 
_. considered to be the current strength required to induce 
~ local repetitive excitations sufficiently long in duration to 
_.. Continuous 50-Hz stimulation method: Hoff and Na- 
hum’ observed that 60-Hz alternating currents applied 
-< through the limbs of cats for longer than 2 seconds pro- 
~ duced VF; they suggested that the duration of stimulation 
sufficient to induce fibrillation represents the sensitivity 
of the heart to fibrillatory agents. In subsequent experi- 
ments, the threshold was determined using a tetanizing 
=>: current from an induction coil.* Sugimoto et al? demon- 
<: = strated that if an accelerating ventricular tachycardia 
=< (VT) produced by 60-Hz stimulation was of sufficient 
-. duration (5 or 6 beats or approximately 1 second), the VF 
_. threshold was reduced progressively after each prema- 
_. ture ventricular beat, until it was possible to induce fibril- 
-~ <> lation at the current strength of near diastolic excitation 
-> threshold. 
In an experiment in which 50-Hz stimulation was 
applied on the ventricle for 2 seconds, bigeminal ventricu- 
lar responses, constant VT, VT in an accelerating form 
and then VF were observed as the current was in- 
creased.!° The threshold current required to induce con- 
stant VT or VF could thus be determined. A 2-second 
stimulation was considered to be sufficient for the VF 
threshold not to be influenced by a further increase of the 
number of ventricular excitations. 
_ ... The effects on VF threshold of procainamide, disopyr- 
amide and lidocaine were studied.'° All the drugs in- 
.»-ereased the VF threshold and the VT threshold dose 
_ dependently. There was a close correlation between the 2 
thresholds. The slopes of the regression equations relating 
them were almost identical for all 3 drugs (2.82 with 
procainamide, 2.83 with disopyramide and 2.30 with lid- 
caine). This suggests that VF threshold determined by 
1¢ 50-Hz method is largely attributed to the excitation 
threshold at the test site. The influence of test site on VF 
threshold has been studied in dogs with coronary artery 
sclusion or warm thermal lesions.'!! VF threshold was 
found not to change if the measurement was made at a 
site distant to the lesion. The investigators demonstrated, 
the heart with coronary ligation, that the VF thresholds 
easured with the 50-Hz method were different depend- 
| whether they were determined at ischemic or non- 
mic areas, and that the VF threshold measured by 
-Hz method differed from that determined by the 
‘pulses. stimulation method. These observations 
that depression of excitability can be one of the 
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3 times diastolic excitatio 
plied sequentially with short coupling intervals to prod 
accelerating VT." The number of ventricular excitat 
that are enough to induce VF is defined as VF threshol 
It has been suggested that the mechanism of initiat 
VF occurs as follows: After the passage of th 
wave front, there is a certain degree of asynchron 
recovery phase of excitability among adjacent cel! 
repeated premature excitations, this asynch: 
gressively accentuated until chaotic and multiple 
ensues. | 

In the presence of homogeneous hemorthag 
cardial necrosis, produced by injecting protease intramt 
rally into the left ventricular wall, there was a nega 
relation between VF threshold and the size of the myo- 
cardial necrosis. This suggested that the presence of local- 
ized myocardial necrosis enhances the sensitivity of the 
ventricle to repetitive ventricular excitations with resy 
to fibrillation. With the sequential R on T pacing me 
Thompson and Lown! observed that a train of 3 appropr 
ately timed stimuli precipitated prefibrillatory. ta shyca: 
dia of VF after coronary occlusion. = 




































RELATION BETWEEN VENTRICULAR © 
FIBRILLATION THRESHOLD AND 
STIMULATION METHOD Be E 
The series of experiments suggests that the process sof oe : : 
the development of VF can be classified into 4 stages, 
Stage 1 is the phase in which fragmented activities are __ 
generated at a localized area of ventricular muscle. The 
genesis of these activities is attributed to strength of stim- 
ulus and underlying myocardial pathology. In stage 2, the 
local activities propagate to the whole ventricular muscle, 
producing ventricular excitations. Stage 3 is character- 
ized by the repetitive ventricular responses, in a form of 


_accelerating tachycardia, which disorganize ventricular 2 


excitations to finally degenerate into VF in stage 4.0 
Based on this classification, the single pulse stimula- oS 
tion is considered to measure the VF threshold of stages1 
to 4, the continuous 50-Hz stimulation method is thought ES 
to yield the VF threshold at Stages 2 to 4 and the sequen- 
tial pulse stimulation method gives the VF threshold for 
stages 3 and 4. In other words, VF threshold measures not 
only the irritability of the whole ventricle but also the 
electrophysiologic state at the test site, depending on the = 
method used for determination. In the evaluation of vul- _ 
nerability, the method of VF threshold determination 
should be considered in relation to the mechanistic stages : 
of VF. 









EFFECT OF DRUGS ON REPETITIVE 
NONSTIMULATED EXCITATION AND = 
VENTRICULAR FIBRILLATION THRESHOLDS. 
The effects of drugs on VF threshold were studied 
hearts with localized myocardial necrosis.'4 Both repe 
tive nonstimulated ventricular excitation (RE) t Ic 
and VF threshold dec 
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FIGURE 1. Effects of procainamide (a), disopyramide (b), mexiletine (c), and lidocaine (d) on the repetitive nonstimulated excita- 
tion (RE) thresholds and ventricular fibrillation (VF) thresholds, determined by the sequential pulses stimulation method. The 
thresholds were defined as the number of extrastimuli required to induce RE or VF. Values are mean + standard error of the 
mean, n = 8 (or the number shown in parentheses). C = control; N = after the induction of necrosis by injection of protease. *p 
<0.05; **p <0.01 compared with values determined in the hearts with necrosis. (Reproduced with permission of S. Karger AG, 


Basel.'*) 


creasing the cumulative doses of mexiletine and lidocaine 
resulted in an increase in both RE and VF thresholds 
(Fig. 1, c and d). 

In earlier studies, RE threshold was estimated as an 
alternative to VF threshold. However, under certain con- 
ditions, the change in RE threshold was found not to 
correlate with that in VF threshold, e.g., with pharmaco- 
logic interventions. Lidocaine increased both thresholds 
but acebutolol, a -adrenergic blocking agent, caused a 
dissociation of the RE-VF threshold relation.'> Recently, 
it has been suggested that the antiectopic action is differ- 
ent from the antifibrillatory action.!6 The mechanism of 
the former includes the depression of enhanced ectopic 
automaticity or triggered activity and the abolition of the 
reentrant circuit; the latter decreases the capacity of the 
ventricular myocardium in order to generate multiple 
microreentrant excitations. 

It is concluded that the antifibrillatory action includes 
2 mechanisms, an antireentrant effect, which is repre- 
sented by the RE threshold, and an antimultiple reen- 
trant effect. Procainamide and disopyramide appear to 
enhance the induction of ventricular reentry but to pre- 
clude the possibility of VF by preventing a reentrant 
tachycardia from degenerating into multiple chaotic re- 
entries. Mexiletine and lidocaine may predominantly 
have an antireentrant activity. 

Effect of procainamide applied at the origin of extra- 
systole or to the whole heart: A study was performed to 
test whether the antifibrillation effect of procainamide 
acted locally on the site where the sequential stimuli were 
applied or on the whole ventricle.'* In this experiment, 
the anterior descending coronary artery was cannulated 
and perfused through a bypass circuit, into which the 
drug was infused. The stimulation electrode was placed 
on the perfused area through an external circuit. 
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FIGURE 2. Effects of procainamide given regionally and then 
systemically, on repetitive nonstimulated excitation (RE) 
threshold and ventricular fibrillation (VF) threshold (closed 
circles) determined by the sequential stimulation method. Val- 
ues are mean + standard error of the mean, n = 10 (or the 


site of stimulation; S = systemic perfusion of procainamide, 
20 mg/kg. *p <0.05; **p <0.01. (Reproduced with permis- 
sion of S. Karger AG, Basel.1*) 
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evated back. to the control. level. 
It has been shown that reentry over a fairly ei area 
is the electrophysiologic mechanism for the induction and 
maintenance of polymorphous VT. Procainamide, ad- 
ministered locally or systemically, may favorably affect 
the induction of reentrant excitation in the perfused area. 
/hen applied to the whole ventricle, it prevents wide- 
spread reentry from degenerating into chaotic reentries of 
smaller dimension. The antifibrillatory action of procain- 
amide is exerted predominantly on the stages of repetitive 
excitations and VF. 


CONCLUSIONS 


~ The different stimulation methods for the assessment 
“of vulnerability to VF will give the VF thresholds of 
-different fibrillatory mechanisms. Therefore, specific an- 
 tifibrillatory effects of drugs can be estimated by apply- 
_ ing particular stimulation techniques. The antifibrillatory 
_ effects of drugs probably include 2 different mechanisms: 

antireentrant and antimultiple chaotic reentrant effects. 
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Hemodynamic Effects of Antiarrhythmic Drugs: 
Negative Inotropy Versus Influence 
on Peripheral Circulation 


Ludger Seipel, MD, and Hans Martin Hoffmeister, MD 


The negative inotropic effect of nearly all antiar- 


rhythmic drugs is one of the major drawbacks in 
antiarrhythmic therapy. This is particularly impor- 
tant in patients with reduced left ventricular func- 
tion. In the clinical setting, different compounds 
have been described to depress cardiac function to 
a variable extent. The results are not uniform. In an 
experimental model, the hemodynamic effects of 
different drugs in the intact circulation as well as 
under isovolumic conditions in vivo after short 
cross-clamping of the aorta were tested. The re- 
sults indicate that all antiarrhythmic compounds 
with the exception of class Ill drugs have a similar 
negative inotropic action on the heart muscle. How- 
ever, the drugs have different effects on peripheral 
resistance, thus influencing cardiac afterload. 
These differences seem to be responsible for the 
different hemodynamic effects of the drugs ob- 
served clinically. 

(Am J Cardiol 1989;64:37J-—40)J) 
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drugs is one of the major drawbacks in the medi- 

cal treatment of cardiac arrhythmias. This is espe- 
cially important in patients with reduced ventricular 
function who need antiarrhythmic therapy.!” 

In experimental studies, different drugs had various 
hemodynamic effects. Furthermore, divergent results 
had been reported depending on the experimental condi- 
tions.>-® In the clinical setting, deterioration of cardiac 
function has been observed during treatment with all 
antiarrhythmic drugs. Some reports have particularly 
stressed the cardiac depressive effect of disopyramide in 
patients with reduced left ventricular function.” !° How- 
ever, there are only very few clinical studies comparing 
the hemodynamic effects of different drugs in the same 
group of patients in a randomized fashion.!!-!? Testing 
inotropic effects of drugs in patients or in animals with 
intact circulation is burdened by methodologic problems. 
Nearly all antiarrhythmic drugs influence vascular tone, 
thus changing pre- and afterload in the heart. This 
change in the loading conditions can influence the perfor- 
mance of the left ventricular myocardium considerably. 


Te negative inotropic effect of antiarrhythmic 


EXPERIMENTAL MODEL 

Comparative studies on the inotropic effect of differ- 
ent antiarrhythmic drugs were therefore performed using 
an animal model, which provides measurement of myo- 
cardial function by intermittent isovolumic registrations 
of peak left ventricular pressure after short cross-clamp- 
ing of the aorta. This experimental model allows both 
measurement of circulatory effects and determination of 
myocardial performance in vivo under controlled loading 
conditions that are independent of changes in the circula- 
tion.!4 The inotropic effects of different antiarrhythmic 
drugs within a wide range of doses after intravenous 
application were compared. For comparison, the dose of a 
drug leading to “therapeutic” plasma levels was taken 
into account. The results showed that all class I drugs 
tested had about the same slight negative inotropic action 
in therapeutic doses. This result was true even with diso- 
pyramide, which had a significant depressive effect only 
with high doses (24 mg/kg), leading to toxic plasma 
concentrations (Fig. 1). In addition, verapamil and sota- 
lol were tested in the same model. The racemic (DL) 
form of sotalol was compared with the D form, which has 
mainly a class III action with only minimal 6-blocking 
effects.!5 As expected, D-sotalol showed only minimal 
effects on cardiac contractility in contrast to the negative 
inotropy of the racemate (Fig. 2). 
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ni Ti further studies, left ventricular function was im- nounced depressive effect on left ventricula 
paired by inducing a temporary global ischemia to imi- than in the normal heart. Interestingly, D-so lo 
tate the clinical situation as close as possible. In this considerable negative inotropic action in 1 this pos 
animal model with impaired postischemic function, the emic model (Fig. 2). i 
drugs were tested again using the same protocol. All 


ntiarrhythmic compounds had a significantly more pro- CLINICAL STUDIES 
z In healthy volunteers, the hemodynainicé eff 


ferent drugs was tested by measuring systolic time 

vals.!6 Given orally in usual doses, all class I drugsledtoa 
small but significant i increase in the quotient pre-ejecti noo 
period/left ventricular ejection time (Fig. 3). This change 
indicates a depressive effect on cardiac function. With tł 
exception of changes in heart rate, different 8 blc 
had no hemodynamic effects in these normal subje ts. 
rest. s 
In addition, 3 different class I drugs PD 
patients with ventricular arrhythmias and reduce 
ventricular function, in most instances after r 
infarction.!? The drugs were administered in randor 
fashion intravenously as well as orally for several da 
contrast to findings in normal subjects, disopyramid 

the most depressive effect on left ventricular fune on 


LVSP (mm Ha) 


TABLE i Hemodynamic Effects of Different Class | Orsi in 
Patients with Reduced Left Ventricular Function 


” D-sotalo! — LVESD LVEDD 
eee Ta HR(%) BP(%) FS(%) (%) 


Disopyramide 
2 mg/kgi.v. +11.9* 3 =21.5* +10.1 
3 X 200 mg p.o. +6.2 +26 -13.3* 452 
Mexiletine n % toe & ae 
3 mg/kg iv. +11.0* +02 -8.2* +47* 
3X 200-300mgp.o. +25 +37 -08 +20 
Propafenone ea, the 
2 mg/kgiv. | o +29* -+466 
3x 300. mer p- o |. 409.7 


Preinfusion 





In contrast, isopyr 
tance.&!° This increase i 
condition of the heart, thus amplifying and “un asking 
jyna the negative inotropic effect of the drug. This effect. ; 
ass I “yn tested showed about the same be negligible i in normal hearts but is particularly imp 
irect” negative inotropic effect on the left tant in patients with reduced left ventricular function 
nyocardium. This result was true even with this is so, the unwanted hemodynamic effects of disopy 
. However, the action of the drugs on pe- mide could be partly balanced by a vasodilator (e. 8., a 
ral circulation may be quite different, thereby angiotensin-converting enzyme inhibitor). is 
Seeing conditions of the heart. This can influ- Sotalol has been reported to have less negative in 
et” hemodynamic effect considerably. A drug pic effects than other 8 blockers because of its additi 
€ eripheral resistance and thus left ventricular class III action?®?! but this was not confirmed 
ead toan increase in cardiac output of aleft investigators.?? Lengthening of the repolarization h: 
1 reduced pump function despite the direct been speculated to enhance contractility? which ma 
ropic action of the drug. Atypicalexampleis explain the weak negative inotropic effect of amio 
re 4. Verapamil given to patients with re-  rone.?425 We did not compare the hemodynamic ef! ects 
eft ventricular function leads to a decrease in of different 6 blockers, but in our experimental mo 
essure and thereby to an increase in ejection DL-sotalol greatly ee cardiac function (Fig.. : 
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he. sastst bernie 1 model, even Dalol had a 
iderable negative inotropic effect (Fig. 2). Perhaps 
is model is especially sensitive to -blocking drugs. The 
nimal 8 receptor-blocking effect of D-sotalol may be 
an additional advantage with respect to the peripheral 
-~ circulation. 
-> Jt is well known that 8 blockers, at least after acute 
5 application, enhance peripheral resistance.*°*8 This in- 
-crease in afterload can strengthen the unwanted direct 
> effect on myocardial contractility. In contrast, D-sotalol 
“appears to have no measureable effect on peripheral resis- 


tance in our model. Therefore, D-sotalol is a promising 


f new class I drug. 


CONCLUSION 

a, In summary, the effect of an antiarrhythmic drug on 

=- peripheral resistance may be an important factor in addi- 

- tion to the direct effect on the myocardium. For the 
- clinician, the “net” effect of changes in afterload and of 

> -myocardial inotropy is responsible for the hemodynamic 

_ side effects of different antiarrhythmic drugs. 
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Rate Dependence and Adrenergic 





Dependence of Arrhythmias 


Philippe Coumel, MD 


The presence or absence of ventricular premature 
beats is often closely dependent on the heart rate, 
and the analysis of Holter recordings permits defi- 
nition of the thresholds of frequency that are com- 
patible with the extrasystolic phenomenon. The up- 
per threshold above which the extrasystoles disap- 
pear, and the lower threshold below which they are 
not observed can be defined for longer or shorter 
periods of recording, and they can vary according 
to changes in the autonomic nervous system bal- 
ance. The coupling interval of extrasystoles tends 
to shorten when the adrenergic drive increases, but 
is also strongly dependent on the duration of the 
immediately preceding RR/cycle lengths: the rate 
dependence and the adrenergic dependence explain 
why the coupling interval is often slightly variable 
rather than classically fixed. The complex interac- 
tions of these phenomena are more compatible with 
an underlying mechanism of parasystole, and de- 
termine the existence and the importance of repeti- 
tive activity following the initial premature beat in 
many forms of ventricular arrhythmias. 

(Am J Cardiol 1989;64:41J-—45)J) 


From the Hôpital Lariboisiére, Paris, France. 
Address for reprints: Philippe Coumel, MD, Hôpital Lariboisiére, 2 
Rue Ambroise-Paré, 75010 Paris, France. 


THE AMERICAN JOURNAL OF CARDIOLOGY DECEMBER 5, 1989 


nervous system (ANS) is evident. In the atrium, 

either adrenergic or vagal influences can operate, 
whereas in the ventricle the role of the sympathetic drive 
is predominant. However, by definition, a strong adrener- 
gic stimulation is the marker of a relatively limited depen- 
dence of the arrhythmia on the catecholamines. In con- 
trast, in arrhythmias that are very sensitive to sympathet- 
ic stimulation, the latter may not be heralded by a 
marked heart rate acceleration. This adrenergic paradox 
explains why the role of the ANS is so frequently over- 
looked. 

The respective roles of rate dependence and adrener- 
gic dependence differ according to myocardial status, and 
probably condition the correct use of antiarrhythmic and 
6 blocking therapy in the management of arrhythmias. 
Relatively little attention has been paid to the clinical 
correspondence of these phenomena, with some notable 
exceptions like the “rule of bigeminy” ! for the rate de- 
pendence and the beneficial effect of 6 blockers in the 
prevention of sudden arrhythmic death. The problem 
with these 2 mechanisms is to distinguish their respective 
roles. For instance, relying only on the exercise test to 
qualify arrhythmias as catecholamine-dependent would 
be quite misleading if one considers that the ventricular 
extrasystoles necessary for triggering the adrenergic-de- 
pendent ventricular tachycardia are generally themselves 
rate-dependent.* Exploring the rate dependence by pac- 
ing is possible during invasive electrophysiologic studies, 
but cannot be repeated at will. Dynamic electrocardiog- 
raphy is probably the best tool, because it allows the study 
of the relations between the observed arrhythmias and 
the environment in terms of heart rate. However, this 
approach faces the difficulty of using the same tool (i.e., 
the obviously ANS-dependent sinus heart rate) to check 
the arrhythmia’s dependence on the ANS, and on the 
heart rate as such. The present examples illustrate the 
modes of analysis that may be used in ventricular ar- 
rhythmias. 


[= dependence of arrhythmias on the autonomic 


RATE DEPENDENCE OF EXTRASYSTOLES: 
UPPER AND LOWER THRESHOLDS 

Rule of bigeminy and the determination of the upper 
threshold of cardiac rate: Ventricular extrasystoles with 
their 2 most frequent characteristics, the rule of bigeminy 
and the phenomenon of concealed bigeminy,* are the 
most frequent forms of arrhythmia, and were studied in 
patient 1. The history, healed myocardial infarction in a 
52-year-old patient, is not contributive. A 3-hour period 
of a 24-hour recording in a sleeping patient with a very 
stable heart rate and numerous spontaneous extrasystoles 
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A SYMPOSIUM: NEW TRENDS IN THE TREATMENT OF RHYTHM DISORDERS 
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FIGURE 1. Patient 1. Computerized analysis of the different 
sequences of bigeminy. The lower series of numbers (mean + 
standard deviation) refers to the cycle durations (ms). The 
number of events (n) is indicated on the /eft and the underlying 
line symbols correspond to Figure 2. Solid circles distinguish 
the intermediate beats from the first and last beats of a se- 


quence. 


was considered. The technical aspects of the computer- 
ized analysis have been described elsewhere* and only 
particular aspects of the ATREC II system will be de- 
tailed here. 

The arrhythmia was exclusively formed by isolated 
ventricular premature complexes (VPCs) or a series of 2 
to 6 bigeminated VPCs. The computer displays the re- 
sults in the format shown in Figure 1. The problem is to 
determine why a VPC is or is not followed by another one. 
To study the sinus rate preceding the events, the 4 beats 
preceding each sequence were studied; if a series was 
separated from the preceding one by less than 4 sinus 
beats it was not considered. A total of 695 VPCs were 
studied. Figure 2 characterizes the relevant cycles. 

Information from Figures 1 and 2 is multiple. The 
sinus cycles preceding the events progressively lengthen 
and then, during bigeminy, the cycles progressively short- 
en. The isolated VPCs are followed by a pause that is 
shorter than that of the other series, thus indicating that 
the condition for a continuing bigeminy is a long-enough 
return cycle after the VPC. This defines an upper thresh- 
old for bigeminy, with a mean value of (587 + 1,142)/2 
= 865 ms. This trend applies to a series of 2 bigeminated 
VPCs, the first postextrasystolic pause of which is shorter 
than that of the longer series: 1,147 + 40 (n = 38) vs 
1,178 + 37 ms (n = 114; p <0.01). The same applies to 
the other series. A cutting point between sinus cycles 
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possibly followed by a VPC, and those that are never 
followed by a VPC, is 855 ms (Fig. 2). For postextrasys- 
tolic pauses, the cutting point is 1,145 ms. In fact, these 2 
values refer to the same phenomenon if one considers the 
combination of the coupling intervals (CIs) and the com- 
pensatory pauses that represent 2 sinus cycles: 565 + 
1,145)/2 = 855 ms (565 ms is the mean CI of the last 
VPC of the series of 2 to 6 bigeminated VPCs). In sum- 
mary, bigeminy, once installed, continues as long as the 
“upper threshold” permits. 

The lower threshold of extrasystoles: The example of 
patient 2 (Fig. 3) demonstrates that lower thresholds (for 
slower rates) as well as upper thresholds (for faster rates) 
exist. A population of 340 VPCs was collected from a 6- 
hour tracing in a patient with arrhythmogenic right ven- 
tricular dysplasia. Heart rate accelerated in the 10 sinus 
cycles preceding each VPC. The mean cycle length short- 
ened from 666 + 63 to 641 + 57 ms, and was significantly 
different from the sequences of 10 cycles collected that 
were not terminated by a VPC. Thus, identification of the 
heart rate below which ventricular extrasystoles disap- 
pear is possible. This lower limit is defined as the sinus 
cycle length above which 5% of sinus cycles followed by 
extrasystoles were distributed. For statistical significance 
a minimum of 100 extrasystoles should be determined. In 
case the limit falls in the middle of a 20-ms class interval 
defined by the computerized analysis, the distribution of 
sinus cycles is deemed regular in the class interval, hence 
the apparent precision of 769 ms for the lower threshold 
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FIGURE 2. Patient 1. Upper threshold for extrasystoles and 
the diagrammatic comparison of the different types of cycles 
in the different sequences of bigeminy. Cycle 0 corresponds to 
the first extrasystole of the series of 1 to 6 bigeminated extra- 
systoles. It is preceded by 4 sinus cycles (—4 to —1) and fol- 
lowed by 2 types of cycles oddly or evenly numbered, corre- 
sponding to postextrasystolic pauses (a) or to extrasystoles 
(c), respectively. According to the duration of series 1 to 6, the 
next sinus beat following cycle 0 is resumed earlier or later 
than the previous one (b). VPBs = ventricular premature 
beats. 
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ar generally’ accepted concerning the 
of he CI: qd) The Cl is e fixed if its 
maximal variations do not exceed 100 ms, and (2) the 
-shortening or lengthening of the basic cycle length in- 
-duces porportional changes in the CI. The situation is in 
=> fact much more complex, and the preceding examples 
e permit description of a large range of possibilities. 
Inverse relations between the CI and the preceding 
cycle length: In patient 1 (Fig. 1 and 2), the Cls to the 
first VPCs of the sequences of 1 to 6 extrasystoles were 
not statistically different. However, they differ from the 
Cl of the last extrasystole of the sequence. Even if they 
are considered as sample units rather than taking into 
account the number of events in each category, the mean 
value of the CI of the first extrasystole is 587 + 3 ms (n = 
6), whereas the corresponding values for the last VPC of 
the sequence of 2 to 6 (571 + 10 ms, n = 5) is significantly 
-different (p <0.01), although a limited number of events 
<= were voluntarily considered. The intermediate VPCs 
<>. havea coupling interval of 523 + 15 ms (n = 10), which is 
-< — even shorter than that of the last VPCs (p <0.001). It is 
obvious from Figure 2 that the changes in the CI are 
=o inversely related to the changes in the cycle duration of 
` the preceding beat. This relation is roughly arithmetic 
and strongly suggests a mechanism of parasystole at the 
origin of the phenomenon, rather than the classically 
admitted mechanism of reentry based, among other 
things, on the accepted but not real constancy of the 
coupling interval. 
Direct relation between the coupling interval and the 
preceding cycle length: Not all extrasystoles behave in 
the same way, and in patient 2, the right upper panel of 
-= Figure 3 shows that the CI shortens (from 520 to 360 ms) 
as the basic rate accelerates from about 70 to 100 beats/ 
=~ > „min, with a coefficient of correlation (second order) of 
< > 10.79 (n = 340, p <0.001). It is tempting to attribute the 
CI shortening to the changes in the ANS balance that 
~~ occur during the 6-hour recording period between 06:00 
and 12:00 hours. This is probably true in the present case, 
and an additional difference with patient 1 is that no 
: ~ sequences of bigeminy, only isolated extrasystoles, are 
~~ considered. In other words, the relation between the CI 


- conditions. In contrast, in the second patient, the cycle 
_ length shortening is not occasional but results from the 
increased sympathetic drive, so that corresponding 
- changes of the CI may be interpreted as ANS- related 
< rather than rate-related. Results in the following patient 
i: confirm the ee interpretation. 


dael in n which the tre nC 


and the preceding cycle length are not studied in the same’ 














effect of the ANS on CL In the 
ed this phenomenon again on 8 blockade (sota 
4b). The right diagram shows that the correlation 
been dramatically changed. The mean C1 i is sig 
prolonged from 401 + 10 to 515 + 7 ms, and th 
between the cycle —1 duration and the CI is inv 
—0.77, n = 39, p <0.001), thus demonstrating 
basic electrophysiologic phenomenon wa 
masked by the ANS influence. 









DISCUSSION : 
Adrenergic stimulation and the Cl are sihen m 
minants of the repetitive response. A longer. Cl favo 
occurrence of ventricular mene in patients E 
have isolated premature beats.” In addition, adrenergic 
stimulation is an essential factor for repetitive activity. 
In a series of 30 patients with repetitive monomorphic = 
idiopathic ventricular tachycardia, the heart rate was = 
studied for 3 minutes preceding any defined eve cS 
series of events; a positive linear correlation was observed _ 
between the mean preceding heart rate and the extrasys- 
tolic activity, the length of runs increasing with i increasing 
preceding heart rate (r = 0.98, p <0.001). The same - 
study® also confirmed the negative relation. between the - 
CI duration and the probability of occurrence of a repeti- 
tive response. However, the investigators have previously _ 
shown that adrenergic stimulation also tends to shorten’ 
the CI, thus acting negatively on the induction of tachy- - 
cardia. The rate dependence of the isolated VPCshasalso ~ 
to be taken into account to explain the arrhythmic behav- _ 
ior, and its most frequent effect is to suppress the extra- 
systoles as the rate accelerates as a consequence of the © 
adrenergic stimulation. The thresholds themselves are — 
not free of any influence from the ANS, but are much less. z 
influenced than the sinus rhythm, and usually with a — 
latency time. : 
All adrenergic- and rate-dependent factors are aa 
or less present to some extent in the clinical setting, and 
their very complex interactions are not easy to distin- 
guish.? However, it is clear that they are at the origin of 
observed variability of arrhythmias. For instance, it may 
well be that an obviously adrenergic-dependent arrhyth- 
mia is not detected during an exercise test simply because 
of the disappearance of the extrasystoles. However, the 
most severe arrhythmias frequently occur after the end of | 
exercise, when the vagal rebound leads to a. dramatic E 
slowing in sinus rate during persisting strong adrenergic 
stimulation of humoral origin. Additionally, the pheno 
enon of the adrenergic paradox!® must be kept in mind. 
interpreting the arrhythmic behavior in patients with 
diopathies and heart failure. In these patients: the P 
nomenon of down-regulation of the 8- adrenergic recep- 
tors is responsible for the reduction of sinus rate varia- 
tions, so that they become more difficult to analyze, the n 
changes being less marked. At the same time, the ar- 
ae may B become more sensitive to T 
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i " Sustained Ventricular Tachycar ia 


Hiroshi Kasanuki, MD, Satoshi Ohnishi, MD, and Saichi Hosoda, MD — 


The purpose of this study was to differentiate by 
means of electrophysiologic study, a drug’s ability 
to terminate or to prevent ventricular tachycardia 
(VT). Differences between the 2 effects were exam- 

_ . ined in patients with VT and the underlying mecha- 

-nisms were studied in verapamil-responsive idio- 

pathic sustained VT. The clinical significance of the 
distinction for chronic oral drug therapy is dis- 
cussed. 

Thirty-five cases of inducible sustained VT were 
studied. A drug was considered “preventative” if it 
prevented VT induction and repetitive ventricular 
response, and “terminating” if it stopped induced 

-VT within 15 complexes or could stop VT after its 
intravenous administration. 

Prevention and termination occurred together in 
13 of 19 cases (68%) with disopyramide, in 10 of 

19 cases (53%) with procainamide, in 8 of 12 
eases (67%) with lidocaine, in 11 of 15 cases 
(73%) with mexiletine, and in 10 of 16 cases 
= (63%) with verapamil. In the 16 in which verapamil 
‘terminated VT, VT rate immediately before termi- 
nation slowed markedly from 167 + 33 to 134 + 
28 beats/min. In the 6 cases without preventative 
_effects, minimal and maximal premature intervals 
for VT induction increased significantly, from 291 
st 70 to 335 + 85 ms and 323 + 68 to 423 + 109 
eo” ms, respectively, after verapamil administration. 
oe In 2 cases in which verapamil had a terminating 
a etfect, 5 mg of verapamil restored sinus rhythm but 
. 10 mg caused premature beats resembling VT 
~ complexes. In another 2, 5 mg of verapamil length- 
-ened the minimal premature interval; 10 mg in- 
-greased both minimal and maximal premature in- 
- -tervals and lengthened the VT cycle. 
_ The chronic oral administration of verapamil re- 
sulted i in disappearance of VT attacks in 2 of 4 pa- 
tients and a decrease in both their number and du- 
ration in 2 of 4 patients in whom both termination 
id prevention were seen in the electrophysiologic 
‚However, in 4 patients who had only termi- 
ition, the VT episodes remained unchanged in 2 
le pa eread in the other 2. 
so (Am J Cardiol 1989;64:46J-493J) 
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ment of pharmacologic treatment of recu 
tained ventricular tachycardia (VT) is well 
nized.'-? However, clear criteria for Pe as mae 
sessment needs to be established. ee 
This study therefore seeks to differentiate a drug’s g 
ability to terminate and prevent VT with electrophysio- ns 
logic study. Differences between the 2 effects are exam- 
ined in patients with VT, and the mechanisms of these _ 
effects are analyzed in verapamil-responsive idiopathic a8 
sustained VT. Finally, the clinical significance of differ- 3 
entiation for chronic oral drug therapy is discussed. Q 


Tr use of electrophysiologic slave in ‘th 


METHODS re 
Patients: The study group comprised 35 patients Bo 
men, 5 women) with VT. Age ranged from 14 to.64 years 
(mean 34). Eight patients had myocardial infarction, 3 
had cardiomyopathy, 2 had valvular disease and 17 had ; 
no obvious underlying heart disease. 
Electrophysiologic studies were conducted in all pa- 
tients. The stimulation protocol consisted of rapid pacing © 
and single/double extrastimuli from the right atrium and 
right ventricle. (For details, see earlier studies.°-’). 
, ic protocol: Administration of drugs - 
was discontinued 4 to 5 drug half-lives before testing. On 
completion of control studies, antiarrhythmic agents were _ 
administered intravenously and serial studies were per- _ 
formed. Drugs were administered as follows: (1) lido- 
caine, 100 mg at 50 mg/ min; (2) procainamide, 400 to 
1,000 mg at 50 mg/min; (3) disopyramide, 100 mg at 10 
mg/min; (4) mexiletine, 150 mg at 15 mg/min; (5). pro- Be 














was performed 5 to 30 minutes after the termina Be 
drug administration. A “preventative” effect was as- - 
signed if a drug prevented not only the induction of 
but also repetitive ventricular response, and a “ter 
ing” effect was assigned if it spontaneously sto 
within 15 complexes or it could stop a sponta 
induced VT after its intravenous oe 


RESULTS 

Divergence of preventative and terminating 
against sustained ventricular tachycardia: : 
ventative and Ta effects w were e co idi 
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URE 1. Effect of 5 mg verapamil injection on the relation 
ween the premature interval and the echo interval of ven- 
ular tachycardia (extrastimulus to first ventricular tachy- 

sardia complex) in 1 patient. Open circles, control; closed cir- 









o given mexiletine, and in 10 of 16 patients (63%) given 
- oe 

Termination of verapamil-responsive idiopathic ven- 
T tr ricular tachycardia: Verapamil exhibited terminating 
a effects i in 16 patients. VT rate immediately before termi- 
_ nation of spontaneous and induced VT showed a marked 
-slowing from 167 + 33 to 134 + 28 beats/min (mean + 
standard deviation). Sustained VT was induced in all 
patients during the control study, and in 3, induced VT 
stopped within 15 complexes after administration of vera- 
pamil. 

_ Prevention of verapamil-responsive idiopathic ven- 
ular tachycardia: Verapamil exhibited preventative 
ts in 10 of these 16 patients (63%). In the 6 without 
entative effects, the minimal and maximal prema- 
ntervals by which VT could be induced increased 
icantly from 291 + 70 to 335 + 85 ms and 323 + 68 
3 + 109 ms, respectively (mean + standard devi- 
). Figure 1 shows a representative case in which 
thening of the premature intervals resulted in an in- 
relation with the echo interval. 

pepe of C vorapami dosage on 
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Before verapamil (HR 130) yminute) e 
Aent en e E 


Keyi r iv eN 


v 2 T a e E E nore 


ministration of 5 or 10 mE HR = heart rate. 


mg made VT noninducible. In 2 other patients, 10 mg 
increased both minimal and maximal induction intervals oS 
as well as the spread between them (VT zone) and signifi o = 
cantly extended the VT cycle length (Fig. 3). ere 
Chronic oral administration of verapamil for idio- 
pathic ventricular tachycardia: Eight patients in whot 
verapamil had a terminating effect were given chroni 
oral therapy. Dosages started at 120 mg/day and- 
creased to a maximum of 360 mg/day. Patients wer 
followed up for 4 to 43 months (mean 22). In 2 of- 
patients in whom preventative and terminating effec 
corresponded, subsequent VT attacks were abolished. In 
the 2 other patients, the frequency and duration of a 
tacks diminished. In the 4 patients in whom only term 
nating effects were present, attacks continued but be 
came shorter in duration. Their frequency was un- 
changed or diminished in 2 patients, but increased in the 
other 2. One of these patients had incessant VT 
severe palpitations that finally required electrical c 
ter ablation. 


DISCUSSION ae 
































tion a and prevention. 


stopped induced VT within 15 ¢ omple: 
sustained VT after its intrave uS i ir r 
definition iş based on i ; assumption th 
shanism for VT induction. Therefore 
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en and t neit} repetitive ve 
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ne is based on a drug’ s ability t 


ventricular tachyc n of a reentry ai 


| {a0 me). RV = Sr tte letine ae verapamil, ‘the correspor d 


e rminating and preventative effects r 
3% of cases. Griffith et al! reporte ir 
r nge for disopyra amide, fecal nde ati 
ly, the fact that termination and preven 
gaol in ne hala iaman is clin 


drt rug ervah i ition are not well established. “he is assume reentry 
r “Buxton € e i alf © cor $ — a drug to be effective if it affected by various a factor including th th 
spontaneously termi induced sustained ` vT T wit in (random or ordered), the circuit si size & 
fective ve if fe conv pricd induc and lood levels. Thereio 
sustained VT. Swecdiow i et alio pathic c VT Y was chose i 
between the number of choice was based on a number of reas 












rdial infarction or cardiomyopathy. 
jpamil-responsive idiopathic VT is a rath- 
of VT in which reentry is suspected as 
anism, '? although reentry!3-'5 and trig- 
‘om late afterpotentials'*!” are both con- 
es. 











reason for using verapamil-responsive idio- 
as a study model is because verapamil sup- 
response action potentials. It also diminishes 
ular preload and afterload and has a dilatory 
he coronary arteries. As there is no obvious 
sease, one can focus on electrophysiologic 
he exclusion of other influences. 
nsiderable attention has been focused on 
ility to suppress VT, little has been report- 
lence against the induction of VT with pro- 
d stimulation (its preventative effects). Among 4 
ied by Lin et al,!* VT could not be induced in 1, 
ned VT and repetitive ventricular response 
¢ induced in 2, but sustained VT was inducible in 1 
Ward et al'> also reported a patient in whom VT 
€ induced even after suppression by verapamil. 
on et al'8 reported 5 of 7 noninducible cases in which 
il was able to terminate VT, and noted that VT 
i spontaneously within 5 seconds in the 2 inducible 
ses. In the present study, verapamil made VT nonindu- 
in 10 of the 16 patients. Another 6 had termination 
__ but not prevention. In all these 6, sustained VT could be 
__ induced repeatedly with single right ventricular stimuli, 
__ leading us to suspect reentry as the primary mechanism. 
~ To analyze how termination and prevention occur in 
__ feentry, one can consider a reentry circuit composed of 
_ Purkinje fibers and myocardial cells (see Fig. 4). 
Dosage and blood levels also play an important role in 





















































` termination and prevention. The fact that induced 


__VT was terminated within 15 complexes in 3 patients 





-indicates that termination and prevention differ even un- 











milar blood concentrations. It is also noteworthy 
t continued injection of verapamil caused an expan- 
n of the VT induction zone in 2 patients and the induc- 
f VPC in another 2. These factors suggest that 
gh verapamil can terminate sustained VT, it can 
ase the incidence of VPCs or even nonsustained 
some cases. 

cal significance of termination and prevention: 
ults of chronic oral administration of verapamil 
light the importance of assessing a drug’s terminat- 
d preventative effects during pharmacologic assess- 
German et al! reported that oral verapamil was 
dministered chronically to patients who exhibited termi- 














stable VT, unlike sustained VT asso- 






developed. Similar abnormalit 
other forms of VT besides idior 
recurrence of VT can be particular! reai 
patients with severe underlying heart disease, 





























exercise great care in determining a chronic oral regimi 
using a drug that only exhibits terminating effects on 
particular patient. A 
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ereas much has been learned of the mechanisms 
and pathophysiology of cardiac arrhythmias, treat- 
ment remains controversial and is largely empiric. 

Cardiac arrhythmias range in severity from innocu- 





ous to fatal; antiarrhythmic agents offer differing 
degrees of efficacy, inefficacy or toxicity. For an 
a rrhythmia that needs treatment, there is no reli- 
~ able or easy method for selecting the most appro- 
_ priate antiarrhythmic drug. Antiarrhythmic treat- 
ment is justified for arrhythmias that are symptom- 
atic or hemodynamically significant, the risk of 
>. lethality dictating the degree of drug toxicity that 
might be tolerated. The treatment of prognostically 
ae important arrhythmias is indicated if their suppres- 
= sion is rewarded by an improved prognosis. How- 
ever, these arrhythmias are often merely indicators 
-of a bad prognosis rather than the cause of death. 
<- Assessment of the risk-benefit ratio of antiar- 
rhythmic treatment principally depends on the per- 
ceived risk and symptomatology of the arrhythmia 
and the efficacy and toxicity of the antiarrhythmic 
< drug. Beta-adrenoceptor blocking drugs offer opti- 
mal risk-benefits for the prevention of ventricular 
fibrillation (infarct survivors and long QT syn- 
drome); disopyramide and the class IC agents offer 
acceptable risk-benefit ratios for the treatment of 
-ventricular tachycardia, whereas no antiarrhythmic 
_drug offers an acceptable risk-benefit for the sup- 
-< pression of asymptomatic “cosmetic” atrial or ven- 
tricular ectopic beats. 
eo. (Am J Cardiol 1989;64:50J-—-52J) 
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of antiarrhythmic drugs. The risks and i 

of arrhythmias are better appreciated, mo 
rhythmic drugs are available and their basi 
physiologic actions are better understood. Neve 
precise approach to arrhythmia management i 
reality. Arrhythmias are extremely complex, wher 
antiarrhythmic agents often offer several fundamental 
actions and can cause a wide range of unwanted cardiaco 
and noncardiac effects.2 The most crucial problem, how- - ae 
ever, is that characterization of clinical arrhythmias is 
crude. Oe SS 
Careful assessment of “best guess” therapy seems 
likely to remain the clinical strategy for the foreseeable 
future. eee: 


|: recent years there has been a reappraisa 



























ARRHYTHMIAS: THE CASE FOR 
THEIR TREATMENT | 
Symptomatic arrhythmias: Symptoms of arrhyth- 
mias arise either because of the loss of cardiac regularity, 
producing palpitation, or because of hypotension mani- — 
fest as dizziness, lightheadedness or syncope. Patient 
awareness of arrhythmias varies widely: sustained epi- 
sodes of ventricular tachycardia may pass almost unno- 
ticed, whereas supraventricular ectopic beats can cause 
marked distress. Careful assessment of symptoms is nec- =- 
essary to judge the level of unwanted drug effects that ooe 
might be tolerated if the arrhythmia is to be controlled. In _ 7 
general, the faster and more sustained the arrhythmia, 
the more symptoms it will cause. Paroxysms of atrial o 
fibrillation and the initiation of supraventricular or ven- 
tricular tachycardias cause marked symptoms. Contrary _ 
to popular belief, the hemodynamic effects of both tachy- 
cardias can be very similar—both may cause syncope. 
Any difference is probably related more to the underlying = 
myocardial disease of the patient than to aspects of the 
arrhythmia itself. e 
Arrhythmias that cause symptoms require treatment, 
whether that comprises reassurance, drugs, electrical de- 
vices or surgery. The aim is to improve symptoms. The - 
level of symptomatic upset dictates the aggression with 
which suppression will be pursued. Assessment of the — 
risk-benefit of treating arrhythmias is usually well p 
ceived by the patient who can assess both the antiarrh 
mic efficacy of the drug and any unwanted effects. Wh 
unwanted effects are subtle or are long delayed, the re 
ability of self-assessment breaks down. s Boo 
Complete abolition of the arrhythmia may not be 
necessary. The risk may be worsened if antiarrhythmic 
drug dosing is increased in an attempt tc stop all the- 
arrhythmic events, particul on (re- 
duced frequency of attac fe 











































pt 
arehythinias (ventricular tachycar- 
ointes and ventricular fibrillation) must 
> provided by a regimen that does noth- 
ge compliance. 
lly significant arrhythmias: Arrhythmias 
gnostic significance pose the greatest diffi- 
agement. These usually are asymptomatic; 
marker events and are unlikely to be the direct 
eath.’ Thus, their suppression by antiarrhyth- 
apy may not necessarily be rewarded by an im- 
rognosis.*+> 
atively high frequency (> 10 beats/hour) ventricu- 
opic beats are associated with an adverse prognosis 
zors of myocardial infarction®’ and in patients 
nyopathies®? and heart failure.!° Prognoses 
ents are improved by 8 blockers,!! amioda- 
nalapril!3 (or hydralazine and isosorbide din- 
pectively, but there is little evidence that im- 
ognosis is linked with modification of ectopic 
theless, the concept that ventricular ectopic 
e directly implicated in sudden arrhythmic 
me scientific rationale. In 1 study, prognostic 
rued to post infarct patients whose ventricular 
pic beats were suppressed by a 8 blocker.!5 Prognosis 
: associ ted with ventricular ectopic beat suppression by 
Vaughan Williams’ class I antiarrhythmic agents is cur- 
| -rently being investigated in CAST (the Cardiac Arrhyth- 
mia Suppression Trial). The drugs being used (encainide, 
~ flecainide and moricizine) were identified by their effica- 
ey profile in a pilot study.!6 Safety monitoring during this 
_ study has revealed a significant excess mortality in pa- 
-tients receiving both the class IC agents, flecainide and 
- encainide.!’ These agents should not be used to suppress 
- ventricular ectopic beats in postinfarct patients with the 
-intention of improving prognosis. The CAST result is 
-consistent with many other studies using class I drugs for 
ee suppression of ventricular ectopic beats in patients who 
have had infarction. Management of these persons needs 
more research. 
“Cosmetic blemish” arrhythmias: Arrhythmias that 
cause no Sapos or hemodynamic upset and have no 










hich no antiarrhythmic drug can have an acceptable 
benefit profile. Positive identification of these an- 
rhythmias is important? but surprisingly little long- 
information is available. 
Isolated supraventricular ectopic beats: Asymptom- 
supraventricular ectopic beats are common in normal 
> persons. Although frequent supraventricular ectopic 
-beats have been linked to the development of atrial fibril- 
dation, this relation is not strong and there is no good 
evidence of adverse prognostic significance. Thus, there is 
no basis for their treatment by antiarrhythmic therapy. 
_ Isolated ventricular ectopic beats: These beats are 
~ also ‘common in normal persons.!*:!? In the past, their 
ence has engendered much anxiety but, despite 1 
rt uggesting that high frequency ventricular ectopic 
c significance,” the bulk of evidence 
at Patablishing t the om na- 
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ture of voueculice ectopic beats ‘mé 
tions to substantiate the cardiovascu 
afflicted person. Suppression of cosmetic 
topic beats with antiarrhythmic drugs is 
and offers an adverse risk-benefit ratio. K 
Salvos of supraventricular ectopic beats: Brief runs o! 
supraventricular tachycardia and brief episodes of atria 
flutter are surprisingly frequent on 24-hour electrocar- 
diographic recordings but they usually cause no symp 
toms. Some episodes may reflect a pathologic arrhythmia _ 
substrate, such as an accessory pathway, intraatrioventri- : 
cular nodal reentry or intraatrial reentry, but unless 
symptoms occur, no treatment should be given and the 
arrhythmias should be considered a cosmetic blemish. 
Salvos of ventricular ectopic beats: Asymptomatic ` 
short salvos of ventricular ectopic beats, usually detected © 
on an electrocardiogram, cause considerable anxiety for’ 
the attending physician. Despite the superficial similarity — 
of these salvos to potentially life-threatening arrhyth- 
mias, such as sustained ventricular tachycardia and ven- 
tricular fibrillation, brief salvos are found in apparently 
normal persons. 18,19 Many are associated with vagotonia 
and reflect “enthusiastic” escape rhythms. Their prog- 
nostic significance has not been adequately researched 
but there is little support for suppression of these events 
with long-term antiarrhythmic therapy, particularly if 
the patient is young.’ Recommendations regarding the ~ 
management of this arrhythmia are confounded by the = 
problems of definition, but salvos comprising 9 or fewer 
ventricular ectopic beats at a rate of 120 beats/min or =; 
less, or salvos of 4 or fewer beats at a rate of 180 beats/ 
min or less might be ignored if there is no underlying 
cardiovascular abnormality. Idioventricular rhythm (rate 
<120 beats/min) should not be considered pathologic _ 
unless there is evidence of co-existing cardiac disease.» 
Arrhythmias in acute-phase myocardial infarction: 
The early hours of acute myocardial infarction are char- — 
acterized by a remarkable electrophysiologic instability ~ 
which subsides with maturation of the infarct.23*4 Com- ` 
plex ventricular ectopic beats have in the past been con- 
sidered harbingers of ventricular fibrillation®> but curren 
evidence suggests that even for R-on-T ventricular ectop 
ic beats there is no short- or long-term prognostic signifi 
cance.*4 Thus, most acute-phase infarction arrhythmia 
are cosmetic and will disappear with time. : 






































ANTIARRHYTHMIC DRUGS 

All antiarrhythmic drugs have unwanted side effects. a 
Dose- or time-related effects can usually be explained and 
even anticipated from knowledge of the pharmacology of ` 
the agent. Examples include the anticholinergic effects of . 
disopyramide, tremor with mexiletine and corneal micro- 
deposits (and possibly pulmonary fibrosis”®) with amio- _ 
darone. Some adverse effects are unpredictable, e.g, -` 
agranulocytosis associated with tocainide, and quinidine 
syncope; however, in time, their pharmacologic mecha- oe 
nism will probably be exposed. All antiarrhythmic drugs 
can create new arrhythmias or aggravate existing ar-. 
rhythmias. Whereas most arrhythmogenic incidents are 
unexpected, a few are not, e.g., the increase of ventricular f 











When P cone is to be ieee the com- 
-plete armamentarium of drugs should be reviewed in the 
context of the individual patient and the arrhythmia. 
“=: Renal or hepatic disease may have profound implications 
- for safe and reliable antiarrhythmic use.”’ Underlying 
cardiovascular disease, particularly if left ventricular 
function is impaired, will influence drug choice." 
Drug selection in the light of an unwanted effect pro- 
. file would be possible if all antiarrhythmic agents were 
-= 100% effective. Few agents offer even 60% efficacy 
- against specific arrhythmias. Efficacy prediction is not 
> possible at the level of an individual patient, although 
broad general rates of efficacy have been established for 
= most situations. 






RISK-BENEFIT ASSESSMENT 
Defining benefit is not easy. It entails either grading 
- quality of life, before and after therapy, or establishing 
~~ that prognosis has been ameliorated. Neither is straight- 
__ forward in individual patients. Benefit is not the same as 
. efficacy. Efficacy is determined as much by electrocardi- 
= ography, Holter monitoring and invasive electrophysiol- 
ogy as by changes in symptoms. 

Almost any therapy that controls or prevents a life- 
threatening arrhythmia (such as ventricular tachycardia 
or ventricular fibrillation) will have an acceptable risk- 
benefit profile. Calcium antagonists and digoxin offer 
good risk-benefit in the treatment of intraatrioventricular 
nodal reentry tachycardia, whereas the class IC agents 
probably offer the best profile for reciprocating tachycar- 
dias associated with accessory pathways. No drug offers 
an acceptable risk-benefit profile for treating cosmetic 
ventricular and supraventricular ectopic beats or innocu- 
< ous arrhythmias. Although arrhythmia management is 
still far from scientific, progress is being made. By char- 
- acterizing the patient and the arrhythmia and by consid- 
ering the efficacy and toxicity of all available antiar- 
rhythmic drugs, the risk-benefit ratio of treatment can be 
assessed. 
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ganic kaai disease. These studies have 

ed that ventricular ectopy is not uncom- 

ns with no evidence of heart disease. 

rarely of high density or repetitive, 

yhen frequent or repetitive, or both, car- 
any, risk of sudden death i in patients 

ut syncope. , However, i in patients with organic 
ssoase and in certain clinical settings, fre- 

ient and repetitive ventricular ectopy identifies a 

population at high risk for arrhythenka-induced syn- 

cope or sudden death. These rhythm disturbances 

- “have particular prognostic importance in ischemic 

_ heart disease with depressed left ventricular func- 

tion and hypertrophic cardiomyopathy. Patients 

- - with presyncope or syncope and structural heart 

ne disease who demonstrate frequent and repetitive 

- ventricular ectopy are also a high-risk group. 

Therefore, individual risk stratification is important 

in deciding whether and how to treat patients with 

se __ Ventricular ectopy. 
He (Am J Cardiol 1989;64:53)-56J) 
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toring and exercise stress testing have been used to. 

characterize the prevalence, complexity and prog 
nostic significance of ventricular ectopic activity (VE, 
in populations of normal persons and in patients w 
specific forms of heart disease. In most cases the mecha 
nism of sudden cardiac death is ventricular tachycardi 
(VT) or fibrillation, or both. Therefore, a role for ventri 
ular ectopy and, in particular, repetitive ventricular com- 
plexes as a marker for electrical instability, has been 
examined in some detail. The results of these studies hav 
demonstrated that frequent and repetitive ventricular ec 
topy are associated with an adverse outcome in certai 
clinical settings, whereas these same rhythm disturbanc 
may confer no additional risk of death in other. setting 
Antiarrhythmic therapy is not without risk and has bee 
shown to modify outcome favorably in only a few selected. 
subsets of patients. Therefore distinguishing patients with 
high risk from those with “benign” VEA is of particular 
importance in deciding not only which patients should be 
treated, but also which groups of patients are most likely. o 
to benefit from antiarrhythmic therapy. EE ee 

This review examines the prevalence and types of = 

VEA that occur in patients with normal or abnormal > 
heart conditions, and the clinical settings in which partic- = = = — 
ular ventricular arrhythmias have prognostic value. Saas 


ce ambulatory electrocardiographic mo 


PREVALENCE OF VENTRICULAR 
ARRHYTHMIAS IN NORMAL SUBJECTS Le 
Ambulatory electrocardiographic monitoring has abe 

provided the most accurate measure of VEA in normal o 
persons at different ages. VEA occurs in less than 1%. Of 
infants and children younger than age 11 years.'? How- = 
ever, in adults younger than 30 years, the prevalence of 
VEA is 50 to 55% (but VEA is frequent in only 2 to 6%); 

nonsustained VT occurs in only 2%.34 In heterogeneous 
groups of working middle-aged men and women with no- 
evidence of overt heart disease by history and physical- 
examination, VEA was observed in 64 to 73% of cases, ` 
was frequent (>10 ventricular premature complexes per- 
hour) in 7 to 24%, and occurred as nonsustained VT in- 
about 2%.56 VEA occurs more often in older healthy — 
persons. In 13 subjects older than 60 years, VEA was > 
present in all, frequent in 2 and repetitive in 2.7 In 106- 
active patients older than 75 years, of whom 9 had mild ; 
angina and 35 had hypertension, VEA was present in 
69%, frequent in 26% and repetitive in 9%, with nonsus: 
tained VT occurring in 4 patients.® In this latter cohort. 
no category or frequency of VEA identified persons a! 
risk of early subsequent death. A more recent study 0 
patients older than 80 years shows similar high prev 
lence of frequent and repetitive VEA.? Whether the 1 
crease in VEA with age reflects a an 1 increased ir inciden 





) obuitiented heart disease. | 
TOUP of 300 0 American men (mean age 55 years) 
at included some subjects with evidence of high risk of 
heart disease, Hinkle et al!° found VEA in 62% and 
~ nonsustained VT in 3%. In the group with evidence or risk 
_. of heart disease, frequent and repetitive VEA was predic- 
_ tive of death over a 2.5-year follow-up. This study was one 
_ of the first to demonstrate that the combination of VEA 
-> and overt heart disease was associated with adverse clini- 
<< cal outcome, and that VEA in the absence of heart dis- 
oa ease was not ominous. 


_ EXERCISE-INDUCED VENTRICULAR ECTOPIC 
ACTIVITY IN NORMAL PERSONS AND 
PATIENTS WITH HEART DISEASE 
YEA is commonly observed during or immediately 
< after treadmill exercise testing, occurring in 5 to 34% of 
normal persons or in 15 to 44% of normal men.!!:!2 In 
=. - pooled data from 2,558 tests, repetitive VEA was noted in 
only 3%.'! VEA incidence increased with subsequent 
>... tests, but exercise-induced VEA was poorly reproducible 
from test to test in individual subjects. In a group of 
~ — subjects with no VEA at rest, who were studied at later 
~ -> dates during periods up to years, the incidence of exer- 
= > cise-induced VEA increased with age.'3 As is true for 
-VEA at rest, current data do not support an increased risk 
of coronary events or death in apparently normal persons 
with exercised-induced VEA.!2.!4 
In patients known to have heart disease, the incidence 
of exercise-induced VEA is approximately 50%, with re- 
“petitive forms occurring in 15 to 30%.!? In a recent re- 
¿oia view, Ryan!* concluded that although exercise-induced 
=< complex VEA is associated with a higher mortality rate 
In patients with known coronary artery disease, the addi- 
-tional risk is small and may reflect factors other than 
coo VEA (¢.g., coronary anatomy, ST-segment response). 
Coo o Additional studies will be necessary to assess whether 
exercise-induced VEA is an independent risk in patients 
- with coronary artery disease. 





_RISK OF COMPLEX VENTRICULAR ECTOPIC 
a ACTIVITY IN NORMAL PERSONS 
Kennedy et al!5 reported the long-term follow-up in 
À 73 asymptomatic persons (mean age 46 years) with fre- 
-quent and complex VEA. The arrhythmia was noted 
ncidentally during routine medical care. Ambulatory 
monitoring demonstrated an average hourly VEA density 
_of greater than 78 ventricular premature complexes per 
hour in all subjects, with couplets and salvos present in 60 
and 26%, respectively. Cardiac catheterization per- 
ormed in a high-risk subset of 31 subjects demonstrated 
nificant coronary artery disease in only 6 (8%) and 
nimal disease in 7 subjects. This finding argues that 
VEA in apparently healthy persons is not often 
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d with occult coronary artery disease. During a 
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compared favora 
matched control, and was comparabh no 
lation. Similar trends were found in other less 
studies. !® = 


SYMPTOMATIC MONOMORPHIC o 
VENTRICULAR TACHYCARDIA IN 5 
OTHERWISE NORMAL SUBJECTS 
Monomorphic VT that occurs spontane 
exercise is a well known clinical finding. n 
tients are young and present with palpitations 
group the prognosis is generally good. Howev 
report suggests that some patients with monomo! 
can present with near syncope, syncope or cardiac a 
rest.?? These patients are likely to have subtle abnorma 
ties during cardiac catheterization, a poorer prognosis, 
and warrant therapy. Until the natural history í l | 
condition is more clearly delineated, manageme 
guided by the severity of symptoms. $ 
The importance of occult organic heart. di 
subjects presumed to be healthy but who | pres 
severely symptomatic VT or ventricular fibrillation 
been underscored by 3 studies reporting results of a 
myocardial biopsy specimens in such a group.’ 23-25 Ip the Hee 
pooled group of 42 patients, only 6 patients had normal oy 
biopsy specimens, suggesting that primary electrical dis- 
ease of the heart, resulting in life-threatening ventricular eee 
arrhythmias, is uncommon. | aak 





ASYMPTOMATIC VENTRICULAR ECTOPY IN 
PATIENTS WITH HEART DISEASE EO A E 
The characterization of VEA in patients with heart 
disease has demonstrated both the ubiquitous nature of 
these arrhythmias and the role they play in developing as 
patient risk profiles. The risk conferred by VEA isdepen- 
dent on the characteristics of VEA, the nature and sever- 
ity of the underlying heart disease, and, particularly, the __ s 
status of left ventricular systolic function. RE 
VEA occurs often in patients with coronary artery oe 
disease. Four large studies examining the prevalence and 
prognostic significance of VEA in patients with recent — pr 
myocardial infarction have shown similar prevalence of 
VEA and its association with subsequent mortality.2°-29 
Bigger et al?! observed >10 ventricular premature com- 
plexes per hour in 20%, paired complexes in 17% and 
nonsustained VT in 10%. Over a mean follow-up of 22. 
months, patients with frequent or repetitive VEA had 
three- to fivefold greater mortality risk than the cohort 
without these rhythm disturbances. In the group v 
nonsustained VT, 1-year mortality was 38% compa 
with 11.6% in the group without nonsustained VT. 
though frequent and complex VEA are independent risks : 
for adverse subsequent clinical events, the additional. 
presence of depressed left ventricular | function iden ifie S 
subset at very high risk.**?9 The group with V 
depressed left ventricular | ld be. 






























; hypertr phic cardiomyopathy 
A; asane VT occurs in 14 to 
low-up studies, the presence of nonsus- 
identified a cohort of patients with hypertro- 
opathy at risk of sudden death. McKenna 
tat a mean follow-up of 2.6 years, 5 of 24 
with, and only 2 of 60 patients (3.3%) 
nsustained VT had died suddenly. In the study 
et al?! over 3 years, 4 of 17 with and 2 of 66 
\ ithout nonsustained VT had a cardiac catastro- 
both studies, nonsustained VT was associated 

seven- to eightfold higher risk of sudden death or 














ereas sbk e was R in a only 4 of 50 
with comparable degrees of hypertension but no 
trophy.” Although both left ventricular hypertro- 
nd increased left ventricular mass identify sub- 
s of patients at risk for sudden death or morbid 
rdiovascular events in epidemiologic studies, the im- 
pact of ventricular arrhythmia in modifying the risk con- 
_ ferred by left ventricular hypertrophy is not known.*4”° 
ae Similarly, the prognostic implications of frequent or re- 
- petitive VEA in hypertensive patients with left ventricu- 

lar hypertrophy i is not known. 
The view that the consequences of a hemodynamic 
burden on the left ventricle may be important in the 
genesis of VEA is supported by a study of patients with 
-~ aortic valve disease, in whom frequent VEA was seen in 
16% and nonsustained VT in 18%. The grade and fre- 
quency of VEA increased as left ventricular ejection frac- 
ray tion decreased and wall stress increased. In patients with 
-mitral regurgitation, Kligfield et al?’ reported frequent 

-OVEA in 42% and nonsustained VT in 35%. However, the 
en perme VEA in oe patients with 





















ie highest prevalence of frequent PERE VEA 

s. in patients with congestive heart failure and 
ed depression of left ventricular function, especially 
ose with idiopathic dilated cardiomyopathy.°8* In 
ies examining ambulatory electrocardiographic rec- 
-ords in patients with idiopathic dilated cardiomyopathy, 
VEA was frequent (ventricular premature complexes ei- 
ther >30/hour or >1,000/24 hours) in 35, 42 and 83% in 
each of 3 studies, whereas nonsustained VT was noted in 
42, 49 and 60%. Although only 1 study showed a signifi- 
cant association of frequent nonsustained VT with sud- 
-den death mortality,?° in the remaining studies nonsus- 
tained VT was present in 8 of 11 patients (73%) who died. 
B ise. of the high prevalence of frequent VEA and 
stai ed VTi in patients with severely depressed ven- 
netic Ii is not surprising that these rhythms 
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kaa “congestive heat fail re 






























































been highlighted. 41.42 Tn a recent revic gert- 
out that in most series, 50% of deaths in patient 
congestive heart failure are sudden and therefore like 
be secondary to VT or ventricular fibrillation. On | 
age, patients with nonsustained VT are approximatel 
times as likely to die as those without this arrhythmia 
preliminary communication of the association of VE 
with mortality in a subset of patients enrolled in the 
Veteran’s Administration Cooperative Study of vasodil 
tors in congestive heart failure revealed that patients w 
nonsustained VT during a 4.5-hour index monitoring pe 
riod had 28% mortality at 2.3 years compared with 14% 
mortality in those without nonsustained VT.® The results 
of this study provide further evidence suggesting that 
nonsustained VT is a predictor of mortality in unselected 
patients with congestive heart failure. 
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ent with coronary artery disease, com- 
cular arrhythmias and frequent ventricu- 
s appear to be in | 
hsequent death, part jcularly = ateis 
had myocardial infarction. In patients 
tomatic arrhythmias, treatment must be 
tu ted and tested during rigorous supervision of 
À ient. Using both the noninvasive Holter mon- 
itori ng/exercise test procedure and invasive elec- 
rophysiologic testing, a beneficial antiarrhythmic 
nse after institution of antiarrhythmic agents 
-indicates improved prognosis. However, a negative 
-~ treatment response during programmed stimulation 
— does not necessarily indicate bad prognosis. This is 
o particularly true for testing during amiodarone 
— For unselected patients, routine antiarrhythmic 
treatment cannot currently be recommended. Con- 
tinuing studies will show whether screening for 
















- tion of antiarrhythmic therapy thereafter, will im- 
prove overall survival. If patients tolerate 6-block 
ing treatment, this should probably be instituted 
oD because reductions in mortality have been found, 
EES in high-risk patients. 
(Am J Cardiol 1989;64:57J-603) 
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period of frequent arrhythmias.' Delay between onset 


| fal, nor is $ there a ia association of warning arr 
















































entricular arrhythmias may be treated pharma CO 
logically, with arrhythmic surgery or with certain 
pacing devices. In this report, only pharmacologi 
therapy will be discussed. 


VENTRICULAR ARRHYTHMIAS IN ACUTE | 
MYOCARDIAL INFARCTION 

Ventricular arrhythmias are frequent at the onset 
an acute myocardial infarction and may continue | 
approximately 4 hours. This is followed by a. relativ 
quiescent period of about 8 hours, followed by an 


symptoms and admittance to hospital may hinder th 
detection of these arrhythmias. During the initial 2: 
hours of an acute myocardial infarction, approximately see 
100% of patients have some kind of ventricular arrhyth- = 


mia. At the time of discharge from the hospital the figure 


is 70%. Reduction in ventricular premature complexes > 
(VPCs) in the acute phase of myocardial infarction has 
been seen during treatment with lidocaine,’ disopyr 
mide,’ propafenone,* mexiletine,® tocainide® and procain 
amide.’ eee 
The effect of antiarrhythmic drugs on ventricular fi 
brillation is less clear. The incidence of primary ventrict 
lar fibrillation was reduced during prophylactic lidocaine 
therapy.’ This reduction, however, was associated with an 
increased number of asystoles. Furthermore, the effect on 
mortality was not revealed, because the patients wit 
ventricular fibrillation were successfully defibrillated 
when necessary. Despite these aspects, lidocaine is still 
the drug of choice for treatment of symptomatic ventricu 
lar arrhythmias in acute myocardial infarction.” 
The use of 8 blockers in acute myocardial infarctio 
has been associated with reduced incidence of ventricular 
fibrillation. This was shown during therapy with propran- 
olol’! and metoprolol, i2 but was not upheld in the large 
Metoprolol in Acute Myocardial Infarction trial? or in 
the First International Study of Infarct Survival trial.!4 
The latter negative findings may well be due to concomi- 
tant therapy, particularly the use of other antiarrhythm 
drugs for prophylaxis of ventricular fibrillation. Beta 
blockers have also been shown to reduce VPCs when 
administered in the acute stage of the infarction.!>'° 
The importance of ventricular arrhythmias as gui 
ance for therapy has been questioned. So-called war 
arrhythmias i in acute myocardial infarction are no 


















ip tients. Trials 6 were per- 
with sotalol, encainide, mexiletine and aprindine 
-on selected patients in whom a beneficial effect was ex- 
` pected.'® However, the impression remains that asymp- 
> tomatic ventricular arrhythmias at discharge are not the 
optimal guide to therapy, although they are associated 
with a worsened prognosis. On the other hand, arrhyth- 
> mia monitoring is useful in identifying those patients with 

symptomatic ventricular arrhythmias who respond to 
antiarrhythmic therapy. Those who respond to therapy 
may have improved prognosis.'!?~?! 








VENTRICULAR ARRHYTHMIAS 
_ IN THE CHRONIC STAGE OF 
- ISCHEMIC HEART DISEASE 
Studies??? have shown that ventricular fibrillation is 
the most common cause of sudden cardiac death in pa- 
tients with coronary heart disease. Two major mecha- 
nisms of ventricular fibrillation exist in these patients: (1) 
<= myocardial ischemia, and (2) scar-related ventricular 
~~ tachycardia. Several events may produce myocardial 
~ ischemia and so lead to ventricular fibrillation (e.g., in- 
creased oxygen demand in the presence of stenosis or 
spasm of the coronary artery, or a thrombotic coronary 
occlusion). Lethal arrhythmias can occur both at the 
onset of ischemia and at the time of reperfusion. In scar- 
related ventricular tachycardia or fibrillation, this usually 
occurs in patients with previous myocardial infarction 
and significant left ventricular dysfunction. Ventricular 
aneurysm is not uncommon in this group of patients. 
Ventricular arrhythmias occurring in patients who 
have had myocardial infarction have been associated with 
increased mortality in 1 to 4 years of follow-up.2*?? A 
high frequency of arrhythmias and different forms of 
“complex” ventricular arrhythmias have been proposed 
as the best predictors of subsequent mortality. Of the 
complex forms, repetitive ventricular premature depolar- 
izations have the strongest association with subsequent 
<o. mortality.” For frequency measures, 10 to 30 VPCs/ 
_. hour have been shown to increase the risk of subsequent 
mortality. However, the increase in mortality among pa- 
tients with frequent or complex ventricular arrhythmias 
<=> jis due not only to sudden cardiac death but also to other 
_ kinds of cardiac death.’ Many patients with frequent 
© ventricular arrhythmias have a reduced left ventricular 
function, but results favor the idea of an association be- 
_ tween ventricular arrhythmias and death that is indepen- 
dent of compromised ventricular function in the early 
years after myocardial infarction??? 
_.. Because ventricular arrhythmia is independent of oth- 
er important postinfarction risk factors, it has seemed 
reasonable to attempt to reduce postinfarction risk with 
ntiarrhythmic treatment. This view rests on the assump- 
tion that reducing chronic ventricular arrhythmias will 
ce sudden cardiac deaths. However, several double- 






























lass I antiarrhythmic drugs without beneficial 


blind po postinfarction trials have been performed with dif- 
nant ventricular tachyarrhythmia: 


Reference 18).1 In n fact, i inl study, 3 Furthermore, in studies 


tes “ala 64 [ : : : 





this may have nerve influenced the outcome. T 
because all antiarrhythmic drugs have a pr 
potential,’ widespread treatment without carefu 
selection and individual evaluation of antiarrhyt 
sponse may increase mortality due to proarrbyd 
fects. | 
To date, only treatment with 6 blockers in th 
farction period has been shown to reduce total mor 
and particularly the risk of dying suddenly. Therefore 
may also be wise to treat patients with ventricular ar- 
rhythmias resulting from ischemic heart disease with 8 
blockade. Patients with frequent ventricular arrhythmias 
responding with a significant reduction of arrhythmias 
were reported to have an excellent prognosis during 
year follow-up.”! This was in contrast to patients tre: 
with placebo or patients in whom 8 blockade did not 
reduce arrhythmias. | es 
Because of the negative results with antiarrhythmic Be 
drugs in postinfarction trials, general use of the. drugs 
cannot be recommended. However, in patients with free — 
quent and complex ventricular arrhythmias or symptom- = | 
atic life-threatening ventricular arrhythmias, treatment a 
may be instituted. Because this kind of treatment can 
have a potentially proarrhythmic effect, the drugs must ae 
be selected and evaluated rigorously. Two methods have = > 
been used clinically and have been reported to be capable - 
of predicting outcome after institution of treatment: the 
noninvasive approach using Holter monitoring and exer- es 
cise testing,”*® and the invasive electrophysiologic testing 
approach using programmed ventricular stimulation.” 
The former is preferable if the ventricular arrhythmia 
occurs frequently but does not cause severe hemodynamic = 
effects. When the frequency of the ventricular arrhyth- 
mia is low and the hemodynamic effects are alarming, the 
electrophysiologic approach is superior. 








































TESTING TECHNIQUES Auna 

Antiarrhythmic drugs continue to be the major thera- = 
py for preventing recurrence of life-threatening ventricu- 
lar arrhythmias. The selection of treatment is expensive. — 
and time-consuming. Neither the electrophysiologic | 
properties of the drug nor the nature of the arrhythmia — 
being treated nor the type and extent of underlying dis- 
ease provide guidance for selection of the appropria 
drug or its dose. Thus, treatments have to be tested 
trial and error. 

Noninvasive approach: With repeated long-t i 
Holter monitoring and exercise testing, a suppressiot 
certain types of ventricular premature beats, specifically 
repetitive forms, is of interest. This approach is useful 
since the presence of repetitive ventricular premature z 
beats substantially enhances the risk of developing malig- 
d sudden. death, 





































o ce a for 48 hours an 
| exercise test during electrophysiolog- 





this baseline recording, the treatment is 
ollowed by a repeat recording procedure. The 
for a successful antiarrhythmic response may dif- 
nstitution to institution. Generally, all the repet- 
ms of arrhythmia should be abolished and a 75 to 
eduction in total VPC count should be demon- 
during both monitoring and exercise testing.” 
with these techniques are that the reproducibil- 
thythmia may be low as a result of hourly and 
bility and second, one must be aware that 
electrocardiographic monitoring may provide 
ate VPC counts. 
nvasive technique: With programmed premature 
mulation, | or more extra stimuli may be added during 
cular pacing to provoke either nonsustained or sus- 
ained ventricular tachycardia. Efficacy of an antiar- 
hmic drug is judged by its ability to prevent the 
-initiation of ventricular tachycardia. A number of studies 
_ indicate that the patient is protected from recurrence of 
: ~ malignant arrhythmia when a drug prevents induction of 
sustained ventricular arrhythmia.”?373%40 However, 
there are also limitations of this technique. No consensus 
~ exists regarding the appropriate stimulation technique. 
__ Furthermore, there is uncertainty as to what constitutes 
-~ an appropriate response to treatment and what should be 
-the end point of testing in the attempt to induce the 
arrhythmia in order to define drug efficacy. The daily 
: __ reproducibility of electrophysiologic testing results also 
er : remains uncertain. 
oe < Safety: When choosing between the 2 methods for 
ae ‘evaluation of arrhythmias and antiarrhythmic drug treat- 
ment, not only should the frequency and concomitant 
symptoms be taken into account, but also the safety of the 
procedures. Young et al*! evaluated the safety of Holter 
onitoring and exercise testing methods. In a selected 
of patients studied because of symptomatic ar- 
as, direct-current countershock was required in 

































: tack the need for emergency cardioversion was 
in up to 52% of patients.**** Furthermore, pneu- 
Be infection, thrombosis « or "emboli may oe 


A third method for treatment selection, which is still 
under investigation, is recording of so-called late poten- 
s by the signal-averaging electrocardiographic tech- 
que." The value of this technique has not been ascer- 


Survival: In nonrandomized studies it has been 
n, both for the noninvasive Holter monitoring /exer- 
ethod and the invasive electrophysiologic testing 
e, that survival improved in patients with a posi- 
hmic Tep oompare with patients 


, without an , andarchiythmic ; 
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not clear whether the reported improvemer 
a result of the antiarrhythmic drug. thera ) 
the treatment response only identifies patients y 
better prognosis, since these studies were performed wit 
out placebo controls. Large placebo-controlled. studies 
with antiarrhythmic drugs are now in progress. í 
A negative response to treatment (i.e., no antiarrhyth- fs 
mic effect) registered during electrophy siologic testing is 
not necessarily indicative of inefficacy in terms of reduc- 
ing the risk of sudden cardiac death. This is particularly 
true for therapy with amiodarone.1647 
If treatment with antiarrhythmic drugs is instituted 
and the therapy controls the arrhythmia, therapy should 
usually be evaluated repeatedly and continued for long 
periods of time, because uncontrolled withdrawal of ther- 
apy may result in increased mortality.*® This of course: 
depends on the nature of the arrhythmia (ischemia vs a 
tissue). - 
Denniss et al*? used electrophysiologic testing in unse “ 
lected asymptomatic postinfarction patients to guide i in 
stitution of antiarrhythmic drug therapy. In this study th 
procedure did not benefit survival. 




























































CONCLUSION i 
In the coronary patient, complex ventricular arrhyth- 
mias and frequent ventricular arrhythmias seem to be - 
independent risk factors for subsequent death, particular- 
ly in postinfarction patients. Treatment must be institut- 
ed and tested during rigorous supervision of the patient >= 
with symptomatic arrhythmias. Using both the noninva- = 
sive Holter monitoring /exercise test procedure and inva- es 
sive electrophysiologic testing, a beneficial antiarrhyth- 
mic response after institution of antiarrhythmic agents _ 
indicates improved prognosis. However, a negative treat- 
ment response during programmed stimulation does not. 
necessarily indicate bad prognosis. This is particularly __ 
true for testing during amiodarone treatment. O 
For unselected patients, routine antiarrhythmic treat- = 
ment cannot be recommended. Continuing studies will 
show whether screening for electrical instability of the 
myocardium, and institution of antiarrhythmic therapy =- 
thereafter, will improve overall survival. If patients toler- ~ 
ate -blocking treatment this should probably be institut- 
ed since reductions in mortality have been found, particu- _ 
larly in high-risk patients. i 
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ADDENDUM 

After the preparation of this article, results from 
Cardiac Arrhythmia Suppression Trial (CAST) ha 
come available, showing an increase in morta 
asymptomatic postinfarction patients with frequ: 
tricular arrhythmias when treated with enca 
flecainide. (N Engl J Med 1989;321:406-412 

























ailure is almost without exception associated 
tythmias, which may be either supraven- 
entricular. Supraventricular arrhyth- 
requent supraventricular extrasys- 
odic or chronic atrial fibrillation. The 











































therefore, supraventricular arrhythmias 
narkers of the degree of heart failure and 
rr nythmias will respond to heart failure 
verapy including diuretics, nitrates and, possibly, 
an ingiotensin-converting enzyme (ACE) inhibitors. 
_. Ventricular rate will be controlled by cardiac glyco- 
sides and further rate reduction obtained by vera- 
/ = or diltiazem. The rationale for this therapy is 
te optimize heart rate without compromising con- 
___ tractility. Severe heart failure is generally accom- 
~ panied by severe ventricular arrhythmias including 






















oo improving | left ventricular function by ACE inhi- 
oo bition i is accompanied by a reduction in the number 
of ventricular premature complexes and also a re- 
_ duction in the rate of ventricular tachycardia. ACE 
___ inhibition reduces mortality but does not seem to 
Influence sudden death rate, and sudden death pa- 
tients may have different neurohormonal responses 
compared with patients destined to die of progres- 
sive heart failure. Uncontrolled trials with class IA 
or class Ill antiarrhythmic drugs have suggested 
ee that prognosis may be improved, but other studies 
: have pointed out the increased risk of proarrhyth- 

‘ic responses in patients with low ejection fraction. 

a (Am J Cardiol 1989;64:61)—64)J) 
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curred in up to 60% of patients with hypertrophic cardio- ee 


-~ er OF CARDIOLOGY pias : 


with heart failure of various origins has been the: 

topic of several recent review articles and sympo- 
sia. Until now, no complete study has been performed 
which has determined which patients need therapy and 
how much information is to be obtained from the pa- — 
tient’s arrhythmia profile. Furthermore, there are no con- 
vincing studies showing that antiarrhythmic therapy real-. 
ly is of value in these patients. There are 3 aspects to the 
topic of arrhythmias in heart failure: epidemiologic, prog- 
nostic and therapeutic. pe 


T% dilemma of handling arrhythmias in patients 


EPIDEMIOLOGY a 

The occurrence of arrhythmias has been evaluated in. 
patients with heart failures of all major origins. In valvu- — 
lar heart disease, most investigated in the past, the occur-. 
rence of atrial fibrillation has been a main concern. The. 
absence of atrial contraction imposes a 25% further ree 
duction in cardiac output. Development of atrial fibrilla- 
tion is almost invariable if a patient with mitral or tricus- = = — — 
pid stenosis or regurgitant valvular disease is left unat- 
tended. In patients with aortic stenosis or pulmonary an. 
stenosis, ventricular arrhythmias, particularly ventricular 
fibrillation, are usually the arrhythmias underlying sud- ES 
den cardiac death. oe 

Significant supraventricular arrhythmias have oc- a 


myopathy. The underlying mechanism is probably not- 
increased sympathetic tone because therapy with 8- 
adrenoreceptor-blocking drugs does not reduce the inci ooo. 
dence of runs of supraventricular tachycardia or supra- = = 
ventricular ectopic beats.' Ventricular arrhythmias in pa- =o o 
tients with cardiomyopathies also frequently occur. In 
patients with hypertrophic cardiomyopathy without clini- > 
cal symptoms of arrhythmia, previous ventricular ar- 
rhythmias have been observed in 60 to 70%.?3 The occur- 
rence of ventricular arrhythmias are related to hemody- 
namic factors such as a degree of hypertrophy or the left 
atrial dimension. The substrate for the arrhythmia here is 
the underlying muscular disarray and the distension due | 
to mechanical failure. z 
In patients with dilated cardiomyopathy, an a 
higher proportion show serious ventricular arrhythmia. 
The intra- and interindividual variability, however, is 
very high, making it extemely difficult to evaluate the 
natural history and effect of heart failure therapy. Al- 
most 90% of patients with dilated cardiomyopathy sho 
serious ventricular arrhythmia. 4-8 The underlying mi 
anisms for the arrhythmia in these patients are m: 
Mechanical factors, sympathetic drive, electrolyte d 
bances and digitalis toxicity may all contribute. 







obtained i in + patients 
due to ischemic heart dis- 
merous ‘studies i in which the occurrence 
ular arrhythmias are closely related to 
left-sided heart failure. In this situation 
is a gradual relation that is significant but not 

e.?-!2 The relation has been closely studied in the 
Multicenter Investigation of the Limitation of Infarct 
Size study and others. In patients with left ventricular 
ejection fraction <40%, the proportion of patients with 
serious ventricular arrhythmias is double that of patients 
with left ventricular ejection fraction >40%. 

The pathophysiologic background to arrhythmias in 
congestive heart failure due to ischemic heart disease is 
again manifold. Aneurysm and scar-related ventricular 
tachycardia, other mechanical factors, degree of isch- 
emia and neurohormonal abnormalities are probably the 
most important. 
















- PROGNOSTIC ASPECTS 
Published reports do not clearly describe whether the 
occurrence or degree of arrhythmias are related to prog- 
nosis in patients with heart failure of all origins. It is clear 
that such a relation exists between ventricular arrhyth- 
mias and prognosis in patients with heart failure due to 
ischemic heart disease and that this prognostic informa- 
tion is independent of the degree of heart failure.! 3-17 
Although this relation may not be true for heart failure of 
other origins, it is, however, important because it seems to 
bear relevance to the possibility of treatment with drugs 
with antiarrhythmic action. Suppression or reduction of 
arrhythmia seems to influence prognosis whether 
achieved by drugs with 6-blocking action or by class I or 
HI antiarrhythmic drugs.'®-° In this respect a favorable 
response tested either invasively or noninvasively has 
been associated with a favorable outcome. Whether this 
is due to the method’s ability to identify proper treatment 
or favorable patient subgroups is not yet established but 
studies are currently being performed to elucidate this. 
As mentioned, the prognostic yield of ventricular ar- 
rhythmias is less well documented for patients with heart 
failure of origins other than ischemic heart disease. How- 
ever, the occurrence of ventricular tachycardia, when ob- 
served, appears to be independently related to mortality 
both in hypertrophic and dilated cardiomyopathy.?!” 
= Prognosis in congestive heart failure is notoriously 
= poor. In the Framingham study, the 5-year mortality 
_ from onset of symptoms is 62% in patients without coro- 
<- nary artery diseases;*? 1-year mortality in patients with 
¿severe heart failure is 50%.74 Most of these deaths are 
-probably sudden and attributed to a final ventricular 
< fibrillation. However, in Francis’ study% of 159 patients, 
the incidence of sudden death was 65% and equally dis- 
tributed between patients with “idiopathic and ischemic 
: cardiomyopathy.” In 4 of 7 studies, a positive relation 
- between ventricular arrhythmias and survival was found. 
That this issue is still unsolved is illustrated by the fact 
lthough prognosis was significantly influenced by 
an angiot i asin-converting « carne a EACH] in- 
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_ investigated in patients 
: Studies from Sweden W 







| hythmias 
dence of sudde death appear to decrease. 26 In cont a 
captopril (another ACE inhibitor) has been reported 
reduce both ventricular ectopic beats and runs of ventr 
ular tachycardia and the incidence of sudden death co 
comitant with improvement of left ventricular. 
Supraventricular arrhythmias and particul 
fibrillation have traditionally been considere 
cally unfavorable in hypertrophic cardiomyopath 
ever, in the surveys done in the late 1970s, this 
be substantiated.'-? The reason for this is, perhap 
means other than digitalis may have been used ti 
patients. | 









































EFFECTS OF THERAPY oe 

All drugs administered to patients with cong 
heart failure may directly provoke arrhythmias, an 
arrhythmic drugs may further decrease left ventricular 
function and thus be arrhythmogenic. The th i 
challenge is therefore great. 2 

Diuretics may provoke hypokalemia and ty p 
semia. Furthermore, the not uncommonly indu 
volemia may increase heart rate and thins al 

















ties.28 Data from the Metoprolol Atheroscletosts: sl a 
tion in Hypertension study have suggested, although not 
quite convincingly, that metoprolol may be superior to- p 
diuretics in treating hypertensives.?? This has not, how- 
ever, not been confirmed in other trials comparing b6- 
adrenergic blockade and diuretics in hypertensive pa- 
tients. ee 
Harmful effects of digitalis have been proposed ine: 
retrospective analyses of patients with congestive heart 
failure due to ischemic heart disease.*°3! Also, the newer __ 
inotropic drugs may influence prognosis in a negative way oe 
although left ventricular function is temporarily 1 im- no a 
proved.?? ne 
The ACE inhibitor enalapril, as previously men- 
tioned, improved prognosis in class IV patients irrespec- 
tive of underlying disease.*° This was considered to be ., 
unassociated with antiarrhythmic action because the in- =~ 
cidence of sudden death was not reduced and the patients ~ 
continued to have serious ventricular arrhythmias. A 
proper arrhythmia follow-up has not, however, been per. 
formed in the Cooperative North Scandinavian Enalapril 
Survival Study trial. The antiarrhythmic effect of ena 
pril has been studied separately by Webster et al.23 In 
study, serious ventricular arrhythmias were suppre 
Captopril, another ACE inhibitor with effects cor 
ble to enalapril with regard to improvement of le! 
tricular function and normalization of neuroh 
overreaction and hypokalemia, has also’ been she 
improve the arrhythmia profile.” Ls 
The effect of metoprolol, „a selective Badr 
blocker without intrinsic sym 
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nt in functional status and later also in surviv- 
The mechanism behind this is not entirely clear. 
he reduced influence of sympathetic overdrive may 
veral therapeutic angles of which reduced heart 
ind reduced risk for both supraventricular and ven- 
ular arrhythmias may be a few. Beta blockers have 
also been shown to have adjunct effects to class I antiar- 
; rhythmic drugs in patients with arrhythmia.*® 
-Conventional antiarrhythmic therapy has not been 
ES associated with improvement in prognosis whether the 
o -drugs have been selected on standard grounds or guided 
by electrophysiologic testing. The drugs best studied have 
been quinidine and procainamide. Type 1A antiarrhyth- 
mic drugs may be the ones most unsuitable for antiar- 
rhythmic treatment in patients with heart failure. How- 
ever, in a group of patients with symptomatic ventricular 
arrhythmias of various origins, an antiarrhythmic re- 
-sponse found by electrophysiologic testing was associated 
with improved prognosis. In these patients, not only did 
abolishing the repetitive response indicate success, but 
also slowing heart rate during tachycardia indicated an 
proved prognosis. 9 
Our clinical impression, particularly i in patients re- 
-B blockers or amiodarone, is that such patients 
tachycardia much better with these drugs. The 
can be readmitted instead of dying suddenly and 
‘methods, usually direct-current conversion, 
e performed. 
ally, amiodarone has been shown to reduce ven- 
cular arrhythmias in a double-blind placebo-controlled 
study i in patients with chronic heart failure.3’ Additional 
nonrandomized and uncontrolled studies have supported 
is concept. In the study of Simonton et al,’ patients 
eceiving antiarrhythmic therapy (i.e., class IA drugs or 
miodarone) died suddenly over 6 months at an incidence 
of 13% whereas those without such therapy had died 
ddenly at an incidence of 29%. In patients with dilated 
YO} athy;; Neri et al? showed that amiodarone 
l eduction i in ventricular arrhyth- 
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evaluated by electrophysiologic drug testing: criteria of efficacy in per WwW 


the amiodarone group died. 3 apa veniricular E JACC 1987;10:83-89.. 









that patients treated with . ami X 
tality than those not given this drug. W 
true antiarrhythmic effect or the resi 
properties of amiodarone is not known: 






















ARRHYTHMOGENIC EFFECTS | n 

As has been pointed out in this review, patierits + witl 
heart failure are particularly prone to arrhythmogeni 
response.*!.42 An attempt to summarize the cardiac re-. 
sponses to drugs in a theoretical, unselected patient popu- 
lation is presented in Table I. | 
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. Therefore, there is a need for new, ef- 
long-acting drugs with a wide therapeu- 


ugs are classified into 3 groups: IA finter- 
iate — cibenzoline, pirmenol, hydroxy-3-S-di- 
uinidine, quinacainol); IB (fast — tocainide, 
loricizi ine); IC (slow — flecainide, encainide, pro- 
pafenone, lorcainide, indecainide, recainam and 
_ penticainide). Class IC drugs greatly depress intra- 
— conduction and are the most potent antiar- 
-rhythmic compounds able to suppress ventricular 
ire beats. However, it is doubtful that long- 




















oe improve survival of the patients. Some new drugs 
- -have been developed belonging to other classes: 
a class il, esmolol, a new ultrashort-acting 8 blocker; 
| class AM, N-acetyl-procainamide and sotalol, which 
Prolong duration of the action potential and in- 
___ crease ventricular refractoriness; class IV, the 
mixed sodium ion—calcium ion—potassium ion an- 
-~  tagonist; bepridil. The pharmacologic properties 
and the clinical effects of these new antiarrhythmic 
a drugs are reviewed. 
However, future therapeutic trends will depend 
-on the results of large multicenter clinical secon- 
dary prevention trials such as the Cardiac Arrhyth- 
_ mia Suppression Trial. New antiarrhythmic drugs 
a with original electrophysiologic profiles and mini- 
adverse effects must prove their ability not 
ippress arrhythmias but also to reduce 
rdiac death rate. 
(Am J Cardiol 1989;64:65)-69)) 
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long-acting drugs for antiarrhythmic therapy 
Various compounds have recently been approved — 
or are under clinical investigation. This review focuses on.. 
these agents, which are grouped according to Vaughan 
Williams’ electrophysiologic classification. 


Te continues to be a need for new, TT a 















CLASS I ; 
Class I antiarrhythmic drugs block the fast inward ; 
sodium ion current of myocardial cells. According to their _ 
effects on the time constant of recovery of the maximal. 
rate of cellular depolarization, they have been distributed _ 
into 3 subclasses: IA, intermediate; IB, fast; and IC, slow. 
Class IA: This includes cibenzoline, pirmenol, hys seo 
droxy-3-S-dihydroquinidine (HDQ) and quinacainol, © 
Electrophysiologic properties: These compounds de- =- 
crease the maximal upstroke of phase 0, decrease myo- 
cardial conduction velocity and increase refractoriness of REE 
myocardial cells and accessory pathways. Action poten- ©0070 
tial duration is increased, predominantly in Purkinje fi- 
bers. QRS duration is increased at high dose levels, p 
whereas the effects on PR interval are variable? QT = 
interval is usually increased. Ce 
Pharmacokinetics: Properties of class IA drugs are a 
summarized in Table 1.6! They have a mixed hepatic _ 
and renal elimination and long elimination half-lives®!® 





































Qn 001 and QN 017). 7 
Efficacy and adverse effects: Additional pharmaco-. 
logic properties have been observed with cibenzoline (a 
calcium antagonistic activity at high doses) and pirmenol = ooo 
(anticholinergic activity). The antiarrhythmic effects of == 
cibenzoline and pirmenol are well documented.!?-!8§ Ci ooo 
benzoline and pirmenol may cause a negative inotropic: = 
effect, conduction delay and proarrhythmic activity. Ex- 
tracardiac adverse effects are related to the central ner- 
vous system (CNS) with cibenzoline or to anticholinergic 
activity with pirmenol. Efficacies and tolerance of hy- — 
droxy-3S-dihydroquinidine and quinacainol are not yet — 
fully established. ~~ 
Class IB: Two drugs have been developed in this sube ~ 
class, tocainide and morocizine. oy 
Electrophysiologic properties: Both drugs shorten ac- 
tion potential duration and slow the rate of increase of 
phase 0 of the action potential.'??° However, they do not 
usually depress conduction velocity, nor do they alter 
electrocardiographic readings.*! Moricizine increases ef- 
fective refractory periods in accessory pathways. 
Pharmacokinetics: The pharmacokinetic propertie 
of class IB antiarrhythmic drugs are listed in Tab 
I.1??? An active sulfoxide metabolite may be respons 







= Pirrneno! 


85% 
83-90% 
Hepatic 40%; renal 60% 

5-10 

Linear kinetics; renal insuff.; age 





i An 





T Metabolites inactive 0 





are: Numbers in parentheses indicate ranges. 
ic oe se = hydroxy-3-S-dihydroquinidine; insuff. 






ae Effi icacy and uber effects: Tocainide is mainly ef- 
yee in ventricular arrhythmias at plasma concentra- 
- tions of 3 to 9 mg/liter. An increasing risk of side effects, 
-< including negative inotropic effect, nausea, tremor, pares- 
<- thesia and confusion, is observed for plasma levels >10 
mg/liter. Special attention has been focused on the risk of 
-< agranulocytosis.!? Moricizine is effective against ventric- 
ular? and supraventricular arrhythmias. Proarrhythmic 
activity has been observed and, at higher doses, sinus 
bradycardia, negative inotropic effects and conduction 
delays. Extracardiac adverse effects are gastrointestinal 
and CNS effects and transient increases in liver trans- 
aminases. 
‘Class IC: Three new compounds are already pre- 
scribed in most countries: flecainide, encainide and pro- 
- pafenone. Four other compounds are under investigation: 
_ indecainide, penticainide, lorcainide and recainam. 
Electrophysiologic properties: Class IC drugs mark- 
edly depress the rate of rise of phase 0 of the action 
potential with a long time constant of recovery of the 
sodium channel.' This results in decrease in conduction 
velocity throughout the heart, predominantly affecting 
<e jnfranodal conduction.” Action potential duration is 
- either unchanged (flecainide, encainide, propafenone) or 
‘slightly decreased (indecainide, penticainide). PR and 
-© QRS intervals are frequently prolonged. Increases in QT 
— -interval are seen with flecainide, encainide, propafenone 
and lorcainide.?! The electrophysiologic effects of encai- 
= nide and lorcainide differ between acute and chronic dos- 
ing, owing to activity of metabolites.*?-*4 
Pharmacokinetics: Pharmacokinetics of encainide 
and propafenone show genetic polymorphism.**”’ In ex- 
-tensive metabolizers (90% of white Caucasians), plasma 
i Jevels of active metaboites are high and pharmacokinet- 


















. Ger H Class IB Antiarrhythmic Drugs: Sener 
_ Properties 










Moricizine 


30-40% 


Tocainide 

































-< Bioavailability 100% 
¿PI prot. bind. 10% 95% 
-Elimination route Hepatic 50%; Hepatic 
ae 7 renal 50% 
- th elim. (hours) 15 10 (6~13) 
-Variability Linear kinetics; Renal d 
PS j renal insuff, (th elim.: = 
47. 7 hours), 









(theim. = = 22 hours). 


o — = stn : 





Hepatic 75%; renal 25% 
7-9 (4-17) 
Linear kinetics 


= inustticiency; pl. pret. bind = plasma protein binding; t's elim. = elimination haif-ife. 


- CLASS | m 


= Sulfoxide e(ectve) es : 








65-90% 


54% e ; 
Hepatic 50%; renal 50% Renal 
11 (6-19) 


Linear kinetics 



















ics are nonlinear because of metabolic sat 
Flecainide has a simpler pharmacokinetic profile ( | 
HID.” The 4 newer drugs are characterized in 
IV.38-4! Lorcainide bioavailability increases ‘from 
100% and elimination half-life increases from 7 to 9 hou 
during long-term treatment. An active metabolit 
cainide, norlorcainide, accumulates, with : a long 
(26.5 hours after 4.5 days of dosing).35. | 
Efficacy and adverse effects: Class IC antiarrl 
drugs are mainly active in suppressing ventr 
rhythmias. 42-46 Encainide and propafenone hat 
used in supraventricular arrhythmias. Plasma ther 
tic levels are well defined with flecainide, indecainide anc 
recainam but there are controversial results concerning 
encainide, propafenone and lorcainide because of the Xe oe 
istence of active metabolites.344748 All these compounds 
induce conduction delays and proarrhythmic activity? $ 
Negative inotropic effects have been observed with flecai- 
nide, propafenone and lorcainide, whereas encainide is 0 
well tolerated in patients with impaired left ventricular 
function.5°.5! Propafenone may induce bradycardiain pa- — 
tients with sinus dysfunction. Gastrointestinal and CNS 
adverse effects are often observed with this class of drugs. 
Oral lorcainide therapy is associated with sleep. distur- AES 
bances which are successfully treated by berzodiaze ee 
pines. ath Ee 






































 Esmolol is primarily used for. intravenous ‘manage- o 
ment of supraventricular arrhythmias.™54 Its electro- & 
physiologic properties correspond to the usual effectsof 8 
blockade: decrease in atrioventricular nodal conduction =< 
velocity and increase in atrioventricular nodal refractory = 
periods. Therefore, electrocardiographic changes. are i 
minimal except for a decrease in sinus automaticity Te 
sulting from inhibition of the sympathetic tone. 

Esmolol pharmacokinetics (Table V) are charact : 
ized by a fast metabolism to an acid metabolite (elimi 
nation half-life = 3.7 hours) and methanol, but no toxi 
ty is observed. 

Adverse effects may arise (sinus brsidyéardia a 
transient hypotension). ‘Bronchospasm occurs less oft 
because of the relative cardioselectivity of esmolol. 
ultrashort elimination time provides an element of sa 
as b blockade n lasts 30 to 045 minutes after infi 
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Antiarrhythmic Drugs: Pharmacokinetic P Properties 


: Flecanide Encainide 


EM = 26%: PM 
50% 


© Hepatic 70%: renal 30% Hepatic; renal 


13 i EM=25;PM=8 
Genetic polymorphism nonlinear kinetics: 


Linear kinetics; renal insuff.; 
CHF; age 
m-O-dealky! (inactive) 


renal insuff. 


= 88% 


ODE, MODE (active) 


i Propafenone 


3-50% (first p pass sited) 
90-97% 
Hepatic 
EM = 3.6; PM = 10 
Genetic polymorphism nonlinear Kinetics: k 
age (?) l 
-Hydroxy (active) 


e metaboizers MODE = 3-methoxy-ODE; ODE = O-demethy!-encainide; PM = poor metabolizers: other abbreviations as in Tables | and ti. 


Vv Class IC Antiarrhythmic Drugs: Pharmacokinetic Properties 


Indecainide 


Renal (63% unchanged, 10% 
metabolite) 
10 


Desisopropy! (inactive) 


oavailability, other abbreviations as in Table |. 


Penticainide 


Lorcainide Recainam 
3-100% 

73-85% aia 

Hepatic (major first pass effect) Hepatic; renal Pi 2 

7-9 

F increases with dose and 
continued therapy 

Norlorcainide (active) (t elim = 26 
hours) 


TABLE V Class Il and Ili Antiarrhythmic Drugs: Pharmacokinetic Properties 


Esmolol 


85% 
10-15% 


Bioavailability _ 
Pi. prot. bind. 56% 
imination route RBC esterases (metabolism): renal 
9 minutes 
Linear kinetics 
Acid; methanol —— 


: Variability. 
_ Metabolites = 


Renal (80% unchanged) 
6-10 hours 
Renal insuff.; age; CHF 


Bepridil 


60% 
98% 


Sotalol 


75-100% 
50% 
Renal (80% unchanged) 
7—10 hours 48 hours 
Linear kinetics; renal insuft. —_ 
— Hydroxy 


T soa =red ooge cell, other abbreviations as in Tables | and Il. 


available drugs i in this class. The main electrophysiologic 
property is prolongation of action potential duration. 
Both drugs increase myocardial refractoriness but do not 
ect the rate of rise of phase 0 or conduction veloci- 
58 With sotalol, these effects are mainly due to the 
er whereas the L-isomer exerts a typical 6-block- 
ity." NAPA and sotalol effect a plasma concen- 
elated i increase in QT-interval duration. Only so- 
can induce sinus bradycardia and PR prolongation. 
jarmacokinetic characteristics of both drugs are 
r (Table V).60-63 

APA is mainly effective in ventricular arrhyth- 
ias.6465 Sotalol is used for the treatment of ventricular 
and supraventricular arrhythmias.” Both drugs can in- 
ice torsades de pointes in hypokalemic patients. Other 
verse effects include digestive and visual symptoms 
| NAPA, and bradycardia, hypotension, broncho- 

m and peripheral ischemia for sotalol. 


potential duration, a decrease in conduction velocity : 


throughout the heart, and an increase in myocardial re- 


fractoriness.°”°8 Bepridil increases PR and prolongs QT 
interval. This increase in QT is more pronounced at- 

slower heart rates (Jaillon P, unpublished observations). . 

Pharmacokinetic properties are summarized in Table V; 
The prolonged elimination half-life corresponds to the 
great volume of distribution of this lipophilic drug. The — 
antiarrhythmic efficacy of bepridil is under investiga- 3 
tion.’ Accumulation in tissues is likely to be more impor- 
tant than plasma levels. The main adverse effect is the 
risk of torsades de pointes, particularly in patients with 5 
sinus bradycardia and hypokalemia. by 


CONCLUSIONS a 
Of the new antiarrhythmic drugs, class IC compounds _ 
are the most potent agents but they greatly depress intra- 
cardiac conduction and exert potentially lethal proar- 
rhythmic effects. Recent and preliminary results from the 
Cardiac Arrhythmia Suppression Trial’! have show 
that in postmyocardial infarction patients with asym 


_ tomatic ventricular premature depolarizations, encainid 


ise of „and flecainide increased the risk of sudden cardiac d 
on en when thes ‘drugs were. eable to decrease significa 
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Hepatic (metabolism) | < 







pording to the selec- 
tive drugs, these results 
emphasize the risk of arrhythmogenicity for these potent 
-cl ss IC sodium channel blockers. Class ITI drugs may be 
an interesting alternative for the future if they prove to 
` increase QT interval with no risk of torsades de pointes. 
The drugs must prove not only to suppress arrhythmias 
but also to reduce the sudden cardiac death rate. 
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ee Mark A. de Belder, MA, MRCP, and A. John Camm, MD, FESC- 


: Remarkable advances have been made over the last 
2 decades in the management of tachyarrhythmias. 
Simultaneous developments have provided new 
_ drugs, new surgical and catheter ablation tech- 
_niques and new implantable devices. Initial enthusi- 
_asm with antitachycardia pacemakers was tem- 
ered by the realization of dangers and difficulties 

associated with their use, particularly in the treat- 
“ment of ventricular tachycardia. However, progress 
-< has been made along several lines: (1) improve- 
ments in the automatic detection of target ta- 
=- ¢hyarrhythmias; (2) the development of termination 
_.. algorithms that are more adaptable to spontaneous 
-~ changes in the tachycardia termination zone; (3) 

a Ea in the safety of termination algo- 

z s; (4) development of automatic cardioversion 
or eA for the management of malignant 
E ventricular arrhythmias; and (5) incorporation of 
multiple pacing facilities in single implantable units. 

(Am J Cardiol 1989;64:70J—74)) 
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n the last 2 decades there have been imp 
ces in the management of tachycardi 
therapies, surgical techniques and impl: 
ing devices. The development of the implant 
verter-defibrillator has renewed interest in t 
termination of ventricular tachycardia.!-3 

An ideal implantable cardioverter defibrillato 
have facilities for prevention of bradycardia and tach 
cardia, antitachycardia pacing, internal cardi 
and defibrillation. It should be fully implantabl 
matic (but with capacity for intervention). 
grammable, possess memory/Holter or tele 
ties, or both, and a real-time clock, and pert 
sive electrophysiologic study. The latest ger 


ege ele 






















cessful combination of adada eminal m paang o ăě  ž 
with cardioversion defibrillation has been ‘more ofan : 
issue than further developments in the pacing algorithms | ee 
used, which now have a high level of sophistication 


TACHYCARDIA RECOGNITION E 3 
Much research time has been spent on defining vai X 
ables that can be used to recognize a tachycardia worthy 
of treatment so that these can be incorporated into auto- 
matic pacing algorithms. Criteria include rate, deriva- 
tives of rate, activation sequence changes, variations in __ 
atrioventricular (AV) relation, signal analysis, electro- 
cardiographic morphology and QT duration. ° Todiffer- _ 
entiate a nonsustained arrhythmia from a sustained _ 
tachycardia, the arrhythmia must either persist fora 
predetermined duration, or confirmation of continuing 
tachycardia following a programmable delay is necessary | as 
after initial tachycardia detection before treatment is s de- EE 
livered. Pane 


METHODS OF TACHYCARDIA CONTROL == 

There are 3 pacing methods for tachycardia Swale E 
prevention, hemodynamic control and termination. In 
general, the first 2 are either undesirable or insufficiently. 
developed. The only commonly used pacing method is. 
physiologic overdrive pacing for preventing tach 
rhythmias emerging from bradyarrhythmias’! 129 
QT syndromes.'? Supraventricular and, „occasion: 
ventricular tachycardias have been suppressed an 
nated by dual-site pacing.'+!6 Short AV dela 
pacing can prevent junctional reentry tachyca 
but is prone to unpredictable failures. '* Theoret 
fications to gee these = have b been: sugges 
ed.! 19,20 ee Me eer oe 


























instantaneous depolarization of the 





ım with the expectation that the sinus 


ge as the dominant pacemaker, or (2) to 
‘trastimulus at such a time that it cannot 
e around the tachycardia circuit because of 
iness, but which collides with the advanc- 
‘ont of the tachycardia, preventing further 
on. There is a critical interval for the latter (the 
1. zone or window); often this is close to the 


















refractory period of the paced tissue. The ability 
de with the termination zone depends on the site 
ing and the number and energy of the extrastimu- 
f the window is not only narrow but also close to 
ve refractory period, extrastimuli may lead to 
acceleration or degeneration. Most algo- 
gle or multiple pacing sequences?4 (Table 
multiple beat algorithms are more consis- 
e than single beat methods.25 
‘pacing uses 4 or more consecutive extrastim- 
mstant rate” pacing uses extrastimuli at set cou- 
intervals in relation to each other or the tachycar- 
lia. The cycle length of “rate-related” pacing is propor- 
nal to the tachycardia cycle length,26.27 “Adaptive” 
acing automatically alters its characteristics (coupling 
_ Intervals or number of extrastimuli) when an attempt at 
__ termination fails. This delivers extrastimuli to different 
periods of electrical diastole (“scanning”). Adaptations 
_ to the algorithm may be fixed or “responsive” (“intelli- 
gent”) to the tachycardia. 
In between attempts at tachycardia termination, 





















__ small changes can be prescribed to the coupling intervals 
between the extrastimuli, or between a beat of the tachy- 
__ cardia and the first of the extrastimuli, or to both.29-33 
_ Combinations of bursts and scans can be used or further 
_ extrastimuli may be added to the sequence. Adaptability 
__is essential. This can be achieved by multiprogramma- 
_ bility so that an unsuccessful treatment can be modi- 
- fied.3+% These methods improve the efficacy and safety 
__ of antitachycardia pacing devices. 









_ MANAGEMENT OF ARRHYTHMIAS 

ial tachycardia, typical atrial flutter, AV reentrant 

V nodal tachycardias and reentrant ventricular 
dia are responsive to treatment with pacing 








supraventricular tachycardias: Most ventricular 
shycardias are easily treated with drugs. The more 
- difficult cases can be successfully treated with surgery or 
_ ablation. However, pacing may be successful for AV nod- 
al tachycardia. Nevertheless, many supraventricular 
-tachycardias culminate in the development of atrial fi- 
< brillation (spontaneously or in response to pacing), and in 
some patients with Wolff-Parkinson-White syndrome 
this may result in ventricular fibrillation.27 
entricular tachycardias: During ventricular tachy- 
there is a risk of tachycardia acceleration or de- 
ration during pacing. Although this only occurs in a 
tudied,? this risk must be weighed against 
arrhythmia itself, the underlying disease- 






















_g. An improved model able to recognize and treat 
_ ferent tachycardias in the same patient is expected 
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TABLE I Classification of Termination Algor 
Single Beat a Multiple Beat A es 
Underdrive (single /dual chamber) 2-3 extrastimuli (may be rai - 

related /adpative): 
Incremental 
Decremental 
incremental-decremental 
Responsive 









Upside-down demand 
Dual demand 
Marginal underdrive 







Single extrastimulus 
Fixed coupling 
Scans (may be rate-related / 
adaptive): 
Incremental 
Decremental 
Incremental-decremental 
Responsive, including 
centrifugal geometric 
Ultrarapid stimulation 


Bursts 24 extrastimuli (may be < T 
rate-related /adaptive) 
Simple 
Complex: me 
Incremental (tune-down ramp) 
Decremental (tune-up ramp) — 
Incremental-decremental 
(changing ramp) 
Concertina 
Combinations 














and the likely outcome of other treatments. About 60% of 
well-tolerated sustained monomorphic ventricular tach’ 
cardias can be reliably terminated,3* but it is desirabl 
that all patients should have back-up support with a 
implantable cardioverter defibrillator. Otherwise, pace 
makers should only be implanted into patients with f 

quent arrhythmias that are well-tolerated and safely ter- 
minated on numerous previous occasions,” or unrespon-. =; 
sive to any other form of treatment. Ber 


































PACEMAKERS AVAILABLE eee 
Current devices are fully implantable. DDD systems 0 
that can be used both to prevent and to treat supraventric- == = 
ular tachycardias include the Siemens model 668 andthe ooo 
Biotronik Diplos model 06. The most versatile devicesare = 
described. e 
Pasar 4171 (Telectronics-Cordis): This system Me 
corporates bradycardia support pacing. Detection OPS 
tachycardia is based on rate, rate acceleration and stabili- oii 
ty, and a programmable tachycardia detection refractory oiie 
period that allows recognition of very fast tachycardias. It a 
can deliver up to 7 extrastimuli: if only 2 are used, the =i: 


pacemaker, providing an underdrive method of tachycar- 
dia termination. It weighs 74 g. s 
Tachylog 651 (Siemens-Pacesetter): This system is 
programmable to prescribe conventional burst pacing, 
precisely coupled extrastimuli and also geometric centrif- 
ugal and responsive scanning. The detection of tachycar- 
dia depends on rate and rate acceleration, and program- 
mable delays aid the distinction between nonsustained. _ 
and sustained tachycardias. It has multiprogrammable —- 
bradycardia support facilities. It can be used for noninva- 
sive electrophysiologic studies and can log information 
about the tachycardia and pacing responses. It weighs 55 
$00 






~ | Manufacturer 


acing, can- 


as constant rate, rate-related or 
ther adaptive bursts. Tachycardia detection depends on 

e, rate acceleration and stability. The pacemaker can 
be programmed to allow 5 to 250 tachycardia cycle inter- 


vals before delivering its antitachycardia response. It 
< weighs 49 g. A more advanced model, Intertach II, is 


adaptive bursts 


3 ` expected on the market soon. 


- “ arthocor Il Theta 284A (Telectronics-Cordis): This 


‘oer pacemaker may respond automatically and to an external 


overdriver. It can function as a standard multiprogram- 


mable back-up pacemaker. Tachycardia recognition is 


O based on rate and there is a programmable delay before 
the termination sequence is activated. It can be pro- 


-grammed to prescribe bursts, scanning bursts, automatic 
overdrive pacing, and critically timed extrastimuli or 
scans. It has telemetry capabilities and weighs 76 g. 


AUTOMATIC CARDIOVERSION 


AND DEFIBRILLATION 
Since the first use of an implantable automatic defi- 
- brillator in humans, various reviews?™4 have demon- 
strated its efficacy for malignant ventricular tachyar- 
 rhythmias. Estimated arrhythmic mortality rate is 2% or 
Jess in the first year after implantation in these highly 


S selected patients.‘ ! The device continuously monitors the 
heart, identifies ventricular tachyarrhythmias using a va- 


< riety of criteria and delivers 25 to 40 J synchronized 
countershocks in attempts to restore sinus rhythm. Un- 
fortunately, major surgery is needed to insert the epicar- 
dial patch electrodes; it is uncomfortably large, the dis- 


one 


pacing algor 


has led toward lower energy cardioversion. 
J) and transvenous electrode systems.*#-4 
use 1 or 2 different current pathways ( 
shocks”)4?°° and combinations of these with 
rithms are being evaluated.°°->? Some of th 


described below. Those with higher energy 


function are compared in Table II. “Eh 

- Devices: Automatic implantable cardio 
brillator (CPI): The AID B, BR and C series each 
porated advantages over their predecessors, includin 
crochip circuitry, improved capacitor technology, greate 
long-term reliability and reduced weight. The delive 
shocks synchronous with the R wave made th 
suitable for ventricular tachycardia as well as fib 
The B and BR series are now discontinued. ' 
which has been used more than any other de 
Ventak P and PRX devices recognize vent 
chyarrhythmias by 1 or both of 2 algorithms: a p 
criterion and a “probability density function,” whi 
index of the proportion of time that the electra 
gram remains on the isoelectric line. Although 2 patch 
electrodes are most often used for defibrillation, the us of 
endocardial leads in association with subcutaneous patch- 


es (the Endotak lead system) has now been introduced, i > 
the Ventak P, the energies for the first 2 discharges are 
programmable (first, 0.1 to 30 J; second, 12to30J)and 


the remainder occur at 30 J. A new model, the Ventak — - 


| ‘SABLE Wl implantable Defibrillators Currently Available or Undergoing Clinical Evaluation 


Telectronics 


CPI Pacing 
Systems 
Guardian 
4202, 4203, 
4210 


Ventak 

AID CPI 

a. Series CPI Ventak 

-4o o Device c* Ventak P* PRX* 

2 Myocardial; 
patches for 
PDF option! 

2 Epicardial? 


2 Myocardial? 2 Myocardial; 
patches for 
PDF option? 

2 Epicardial? 2 Epicardial? 


-= F Unipolar 

A sensing / pacing 

1 leads 

-4 Defibrillation 

| Max. defibrillation 

=f Low-energy 

~ cardioverter 

co Sf. (min. energy) 
|» Antitachycardia 


30 J 30 J 30 J 30 J 


+ (0.1 J) +(0.1 J) 


“| Bradycardia 
{4 support 
eee 
‘Programmability 
Telemetry 
‘Holter facilities 


2 Myocardial? 2 Myocardial' 


2 Epicardial 


+3 J) 


Medtronics 
PCD 
7216A 
7217 


interredics 
The 
Rescue 


2 Myocardial 
or 1 myocardial 
and 1 patch 

2 Epicardial 


2 Myocardial" 2 Myocardial | 


2or3 
Epicardial 
34 J 


40 J 38 J 40 J 


+ (0.2 J) + (0.1 J) + (0.1 J) 


+25) 


++ 
++ 
++ 
7216A: 281 g 





. Siemens - : Se 







orate bradycardia support and antita- 

















r, Cardioverter, defibrillator) (Medtronic) 
and 7217: The original Medtronic 7210 
nplantable cardioverter and the 7215 model 
ave now been discontinued. The new models 
D are now undergoing clinical evaluation. 
a detection is based on the rate, duration and 
of the arrhythmia. Bradycardia support pacing is 
ed. The devices are able to.distinguish ventric- 
1ycardia from fibrillation and to respond with 
g termination modalities; these include antitachy- 
lia pacing, low-energy cardioversion or higher-energy 
on. The use of bidirectional and sequential 
ing evaluated with these devices. 
(Telectronics Pacing Systems): The 4201 
n superseded by the 4202, 4203 and 4210 
cardia is detected by rate, provided that 6 of 
secutive cycle lengths are shorter than that of the 
immed rate. Between 4 and 7 shocks may be deliv- 
onsecutively. Initial shock energies are program- 
from 3 to 30 J, with a range of preprogrammed 
nts for subsequent shocks, although the fourth is 
0 J. The 4201 delivered asynchronous shocks but 
nore recent models deliver at the time of a sensed R 
































Other models under evaluation: The Rescue (Inter- 
medics): Sinus rhythm and acceptable tachycardias are 
differentiated from malignant tachycardias and fibrilla- 
tion. A programmed sequence of up to 4 termination 
modalities can be delivered. Low-energy cardioversion 
and higher energy defibrillation are possible with pro- 
_grammable energies ranging from 0.1 to 30 J. Bradycar- 




















dia support pacing and multiple diagnostic facilities (e.g, 
how often each tachycardia termination modality has 
been used and whether it was successful) are incorporat- 


_ Cadence (Ventritex): Among its facilities, the antita- 
hycardia pacing methods include adaptive scans and 
utodecremental pacing. Tachycardia detection is depen- 
nt on rate and rapid onset (this criterion does not have 
be met if the first termination attempt is unsuccessful). 
different tachycardias in the same patient may be 
DY appropriate termination methods, which in- 
w-energy cardioversion and higher energy defi- 
‘If tachycardia termination with the first 2 pro- 
lures is not effective within a programmable period of 
etection, higher energy defibrillation will be activat- 
d. Reduced current drain promises to increase the lon- 
-= gevity of this device compared with others. 
->< Thor (Siemens-Pacesetter): Tachycardia detection is 
~ based on rate, rate of onset, duration and stability. Two 
ifferent tachycardias may be treated with the appropri- 
modality, the options including antitachycardia pac- 
g, low-energy cardioversion and higher energy defibril- 

























desirable methods for tachycardia termination 


Berlin: Springer, 1976:227-234. 
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vices are used in some pat 
tachycardias but more often in 








ose 


tachyarrhythmias. The role of these devices m 
tinue to be evaluated in relation to other available 
ments which between them have had a considerable im- 
pact on patient survival. a 
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tries to influence the underlying heart dis 
Symptomatic therapy is subdivided into drug 
apy, electrotherapeutic tools (e.g., antitachycardia pa 
makers and automatic implantable cardioverter /defibri = 
lators [AICD]), fulguration (ablation), and antiarrhyth- 
mic surgery and heart transplantation.’ 


Antitachycardia devices have shown that recurrent. 
sustained VT can be repeu terminated by pros. 


P rimary treatment of ventricular tachycardia (V ags 
























ree raluatod i in 6 of 35 patients (aged 50 to 70 x 
_ years, mean 60.1 + 7.7) in whom AICD had been These findings < can be explain ed by the oes i 
-implanted because of VT, which coule minat-  iologic characteristics of a reentrant circuit as the under- — 
” oy temporary overdrive pacing. With the inter- lying mechanism, although an automatic mechanism can 
— active mode of the Tachylog, terminatic ! hardly be excluded under clinical conditions. Whatever = 
tthe saree as w as r the AICD was as- the electrophysiologic mechanism of the tachycardia, = 
ae plantatic tt torn pacing may be used on a temporary basis (transvenous ooo 
insertion of a pacing wire coupled to external program- 
mable stimulators) as well as on a permanent basis by ee 
implanting antitachycardia pacemakers for the manage-  — 
ment of these patients. On eG 
The efficacy of antitachycardia pacing depends onthe = 
rate of the VT. The more aggressive the stimulation pro- 
tocol necessary for termination, the more likely it is that 
VT will not stop, but will degenerate into ventricular 
fibrillation (Fig. 2). Single premature stimuli applied 
during VT were ineffective; application of double prema- _ 
ture stimuli was followed by a ventricular echo. When the 
coupling interval of the premature stimuli was shortened 
further, ventricular fibrillation ensued so that the patient 
had to undergo direct-current cardioversion. 
While trying to interrupt the tachycardia by pro- 
grammed stimulation, the incidence of ventricular fibril — > 
lation or acceleration of tachycardia rate ranges between _ 
7 and 50%.'*'5 : 
The authors’ previous experience with antitachycar- 
dia pacemaker implantations in 6 patients is detailed i in 
Table I. The stimulation modes chosen were underdrive 
pacing in 2, overdrive pacing in 3, and burst pacingin 1 |. 
patient. All of them received additional antiarrhythmic — - 
therapy in order to slow the rate of VT and to facilitate its 
interruption by pacing. Pacemaker implantation resulted 
in clear-cut benefit for all patients (see follow-up sage gee 
however, pacing became ineffective in 2 patients (nos. 3 
and 6), and acceleration of rate occurred in 2 (nos. 3 and — 
4) so that the use of the antitachycardia pacemaker func- 
tion was later discontinued. Two patients died suddenly. 
Berndt = deritz, MD, Med. Univ.-Klinik, 254 2 others died because of apoplexy and pump failure. i : 
i ae Sigmund: Freud-Str., D-5300 Bonn 1, Owing to concern about rate acceleration, the au- 
i thors, like others,” have been reluctant to implant auto- rr 
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ent of acceleration of VT or degeneration into 
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treatment with an implantable defibrillator must } 
sidered an important step forward in the tr 
patients with symptomatic VT. This treatment is indi 
ed for patients whose life is threatened by drug-res 
VT and ventricular flutter / fibrillation, for whol 
rhythmic surgical interventions are impossible. 
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: TACHYARRHYTHMIAS 
_ Antitachycardia pacing in VT is associated with possi- 
ble acceleration of VT; the frequency of VT and discom- 
-fort of the patient can limit treatment with the AICD. 
- Therefore, the combined use of antitachycardia pacing 
_ and AICD was evaluated in 6 of 35 patients (aged 50 to 
70 years, mean 60.1 + 7.7) in whom AICD had been 
-implanted because of VT which could be terminated by 
-temporary overdrive pacing (Table HI). Implantation of 
: the Tachylog (Siemens-Elema) with the AICD is illus- 
> trated in Figure 3. In the automatic mode, the Tachylog 
- functioned as a bipolar ventricular inhibited (VVI) device 
with antitachycardia burst stimulation: 2 to 5 stimuli, 
interval 260 to 300 ms, 1 or 2 interventions. 
< During follow-up of 32 + 17 months, the Tachylog 
E reliably terminated VT 50 to 505 times per patient. In 5 
- patients, acceleration of VT occurred during burst stimu- 
lation and could also be reliably terminated by AICD 
-discharge thereafter. 
. It is concluded that drug-resistant VT can be termi- 
nated by an antitachycardia pacemaker, while avoiding 
_ patient discomfort. In case of acceleration, VTs can be 
_.. controlled by the AICD (i.e., the variability of termina- 
_. tion and initiation characteristics of VTs can be over 
- come by combined use of antitachycardia pacing and 
\ICD).?!22 A future universal pacemaker should com- 
ne antitachycardia pacing with backup defibrillation 
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\y “SPite its identification some decades ago, atris E 
flutter remains a matter of debate. R esearch is. 


į still ongoing regarding the mechanism of the ab- Š 
normal atrial activity. Initial data were derived from varb 
ous experimental models.!® Synthesis of concepts was , 
attempted using these data.” Moreover, the introduction — 
of clinical electrophysiologic techniques brought about a 

significant improvement in the understanding of atrial- 
flutter in humans, S] The recently introduced inte: % : 
tional catheterization in the field of cardiac arrhythn as 
procedures, Elec 
cessory atrioventricu- 






























nost always recorded in the lower 
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echniques to identify atrial 
genesis and perpetuation of 
iminary results of a series of 8 pa- 
ation of atrial flutter are reported. 








tients with abl 


The bro ter is well accepted. 0o00 
The most frequently encountered form is the ‘ mon o 
type of atrial flutter. It is characterized 
activity (300 beats/min; range 200 to 34 0) yielding regu- 
larly undulating “sawtooth” or “factory roof” waves. 
This pattern is identified in leads I, HI and aVF, whereas 
in other leads the flutter waves are clearly separated by 
isoelectric intervals, In the inferior leads, each atrial wave oe 
dentify has a biphasic contour with a negative phase followed by 
long- a more prolonged “plateau” positive phase. In Va, the — 
of 8 pa- atrial deflection is negative and precedes the positive de~ 4 
fragmented poten- flection seen in lead Vi. The so-called atypical flutter ia 
during sustained variation of the common type with a similar pattern inthe 
| frontal plane but with the additional unique feature ofa 
positive atrial deflection in V; that is preceded by a nega- 
ive wave in Vi. Recently, Waldo et al!4 distinguished 
type I (the common type) and type H atrial flutter. The _ 
latter is also characterized by an undulating atrial activi- 2 
ty but at a faster rate (340 to 430 beats /min). Positive 
atrial deflections are recorded in the inferior frontal leads. 
The so-called “rare” atrial flutter is probably the same 
pital Cardiovesculsine np Bonne ey, The inability to entrain the type H arrhythmia 
areas et Pneumologique Louis Pradel, electrically (unlike type I flutter [see later]) suggests 
; prints: Paul Touboul, MD, Hopital Cardiovasculaire distinct mechanism, i Occasio nally, atrial map ping stud 
Louis Pradel, BP Lyon Montchat, 69394 Lyon Ce. ies have shown the lack of atrial circular depolarization 
f this setting.'° However, some patients may exhibit type 
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FIGURE 1. The common type of atrial flutter. A fragmented 
-and prolonged electrogram (180 ms) is recorded in the low 
_ posterior right atrium (LPRA). 


and type H atrial flutter, which suggests a common sub- 
strate. '* Finally, atrial flutter in humans equals flutter of 
the common type. The unique shape of the flutter wave 
rests on anatomic and electrophysiologic bases that set 
limits to this entity. 


MECHANISM: INTRAATRIAL 

-CIRCUS MOVEMENT 
Two theories regarding the mechanism of atrial flut- 
ter are classically invoked. In the first, atrial flutter is 
caused by a single atrial focus as is experimentally real- 
ized using aconitine application.?* Simulation of atrial 
flutter by rapid pacing at the coronary sinus orifice sup- 
> ports this view.'> However, the circus movement theory 
es has gained wide acceptance.'+°6 The anatomic configu- 
oes: ration of the right atrium favors a reentrant mechanism. 
The orifices of the venae cavae are natural obstacles 
around which a circulating wave front may travel. The 






this moda no anatomic > obstacle i is re 
the circus wave front chases the tail 
without leaving time for an excitable 
current flow perpetuates the refractorin 
of the circuit. In fact, the resulting arrhyth 
rapid and unstable and do not appear to fit 
work of true flutter. The macroreentry theory 
supported by atrial activation mapping during 
ous atrial flutter, Boineau et al’ recorded in a dog pr 
ing with 2 forms of spontaneous atrial flutter, right 
circus movements, clockwise around the venae cava 
counterclockwise around the superior vena cava o 
In this dog, atrial dysplasia resulted in slow conduc 
areas that provided the basis for the reentrant- 
nism. Puech et al!° using unipolar recordings, stuc 
atrial depolarization mode during atrial flutt 
mans. They showed that in the common type 
flutter, the excitation of the posterior right atr 
caval band) and of the interatrial septum progres 
ward, depolarizing the adjacent left atrial area 
anterior right atrial wall is later depolarized downward, 
The total duration of atrial depolarization covered almost __ 
all of the flutter cycle. Occasionally, a local. electrical - 
activity bridging the anterior right atrial wall activation 8 
and that of the interatrial septum was recorded in the 
Koch triangle area. These results are in accordance with Be 
selected observations during epicardial atrial mapping." _ . 
Another circus movement related to the atypical flutter _ 
was also identified. Rotating clockwise, the impulse depo- 
larizes the left atrium downward and the interatrial sep- ae 
tum upward,!0!7 ee 

However, a prolonged atrial depolarization with atrial o 
asynchrony does not necessarily mean reentry. Stimula- 
























































tion studies in humans shed a new insight in this matter. — 
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Svered at the high lateral part of the 
right atrium. The pacing cycle _ 
length (PCL) is 260 ms. The flutter 
entrainment 









































premature atrial stimulation during atrial flutter 
led to disparate conclusions regarding the genesis of the 
abnormal rhythm.'*-2 However, rapid atrial pacing 
_ Studies by Waldo et al’! gave further support to the 
_ macroreentry concept. In the common type of atrial flut- 
_ ter, high right atrial pacing at a rate initially faster than 

the flutter rate and then accelerated step by step, yields 
modification of the resulting atrial electrograms with an 
increasing degree of fusion. When pacing is stopped, the 
last entrained beat (before atrial flutter resumption) has 
an atrial flutter wave contour without fusion. Considering 
the reentry concept, one can assume that the pacing im- 
pulses occurring at a rate faster than the spontaneous 
flutter penetrate the excitable gap. At that point each 
impulse enters the anterograde pathway earlier than the 
expected spontaneous tachycardia wave front (and there- 
> entrains atrial flutter), but collides in the retrograde 
way with the last spontaneous (or paced) impulse. 
sulting degree of fusion increases with the pacing 
‘last paced impulse advances the atrial depolar- 
m and travels along the entire reentry loop. At a 
‘ntly high pacing rate, atrial flutter may deterio- 
to atrial fibrillation, or the atrial waves may be- 
positive in the inferior leads because of exclusive 
halocaudal depolarization. Intraatrial conduction 
e then shortened. It is postulated that both the 
idromic and orthodromic wave fronts of the paced 
have been blocked in the circuit, resulting in the 
on of reentry. Sinus rhythm resumes immediately 
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experimental data. In humans, preoperative atrial flutter. 
mapping has revealed a “clumping” of isochrones in the 
posteroseptal right atrial area between the coronary si- 
nus, the tricuspid anulus and the inferior vena cava.'¢ 
Moreover, it is usual during sinus rhythm to observe 
alterations in P-wave morphology, suggesting intraatrial 
conduction disturbances.*! The recording of endocardial 
atrial activity in human flutter allowed us and oth- 
ers'°!722 to identify a zone with fragmented and pro- 
longed (80 to 150 ms) electrograms in the low posterosep- = 
tal right atrium (Fig. 1). Even a continuous electrical ` 
activity covering the whole flutter cycle was occasionally 
recorded.'’ Whether this slow activity belongs to the cir- 
cuit is still under consideration. In our series,” a local 1:10 
response during atrial flutter entrainment was considered 
a sufficient indication for determining the area to be Ie 
fulgurated (Fig. 2). The local electrical fragmentation is. 
associated with flutter initiation and does not exist during 
sinus rhythm. It is seen to develop progressively with 
increasing prematurity of atrial extrasystoles before 
tachycardia initiation. In contrast, during rapid pacing, 
the transition between tachycardia entrainment and com- 
plete capture of the atrium is accompanied by disappear- _ 
ance of the fragmentation (Fig. 3). The actual mecha- 
nism of slow conduction in this setting is unknown. The 
role of localized fibrosis or dysplasia has been invoked.” 
Geometric factor-related anisotropy may also inter- — 
vene.” A particular pattern of fragmentation, the so- - 
called “double spike,” has gained attention because it is . 
frequently recorded, It may be encountered outside the 
posteroseptal area, especially in the high portion of the 
right atrium.”*4 In the latter case, the transient disap- 
pearance of | of the 2 spikes (local second-degree bloc 
could be observed either spontaneously or during 




































_ entrainment, which suggests that such fragmente ip 
y / tials may not be part of the reentry circuit? i 












- FIGURE 4. The common type of atrial flutter-—2:1 atrioven- 

_ tricular block. A fragmented and prolonged electrogram is re- 
corded in the low posterior right atrium (LPRA). Furthermore, 
“double spike” electrograms can be seen in the high lateral 
part of the right atrium (HRA). In this area, the local electrical 
Oe ee eee 

sient disappearance of 1 of 2 components of the double spike 

| electrograms. VF = aVF lead. 





However, as shown by Cosio et al,” in the posteroseptal 

_ fight atrium, the double spike electrogram may very well 

correspond to the recording of both sides of a slow con- 

duction zone. In these cases, pacing the coronary sinus 

ostium during tachycardia in an attempt to cross the 

< abnormal zone orthodromically increases the separation 

== of the double spike components. Pacing at the same rate 

in the anterior portion of the right atrium has an opposite 

effect and decreases electrographic separation, a phe- 

. nomenon interpreted as anticipated capture of 1 compo- 
nent by the antidromic wave front.4 
















PRELIMINARY RESULTS OF THE 

; FULGURATION PROCEDURE IN 

RECURRENT ATRIAL FLUTTER 

Since 1987, Saoudi et al?? performed this procedure in 
8 patients with recurrent episodes of the common type of 
-atrial flutter that were resistant to major antiarrhythmic 
drugs.” In 7 patients careful endocardial atrial mapping 
„during tachycardia revealed the presence of prolonged 
s and fragmented electrograms i in the right posteroseptal 
area. This local activity could be entrained with an in- 
tease in the duration of the local electrogram. In 2 pa- 
ients a second zone of local fragmentation was found in 
1¢ high right atrium. One or 2 shocks (2 J /kg body 
ight) were delivered with the patient under general 
anesthesia between a catheter that was positioned in the 
OW PC posterior fragmentation area and a back paddle that 
ed as.an anode. There were neither immediate nor 
complications After a mean l followaip of 55. 6 weeks, 






















second fulguration adu ‘and: 2 
free of arrhythmia with additiona 
therefore too early to draw a defini 
ing the potential role of fulguration in t 
recurrent atrial flutter. Nevertheless, 
using this approach are promising. 
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iccess” was defined as a lack of arrhythmia: e 
recurrences alien the patient needed an antiarrhythmic — 
drug at the same dosage as before fulguration. 4 
“Arrhythmia moe difi ication" was defined as obtaining 
the rate or duration of the arrhythmia that is acceptable _ 
to the a with or without drug therapy. o 
veness” was calculat ed as eee sum of of T 

patients in the 3 preceding catego 
nonarrhythmic deaths). 
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ective (long-term com- 

/] block after a single session) in 
On ‘patient had a ‘right bundle branch block 
associated with a left-axis deviation after the fulguration 
= procedure. In addition, modification of AV conduction, 
as evidenced by a decrease in ventricular rate resulting in 
tolerance of the arrhythmia, was obtained. In 1 patient 







fulguration was not possible because of the patient's poor 
condition. He died 11 months after hospital discharge. 
In the other patients without success, a repeat fulgura- 
tion session was performed leading to an effective out- 
come in 6 patients. An attempt in 1 of these patients was 
originally judged unsuccessful. Although he had no 
change in the PR interval and no prolongation of the 
QRS complex, complete AV block developed 18 months 


, TABLE I Clinical Features of Patients Who Had His Bundle 
Fulguration 

Age 

Range 

(yrs) 


No. of Patients 


Condition Men Women 




































Total 


Atrial fibrillation / 16 9 7 57 18-75 
flutter 

Atrial and sinus 13 7 6 51 27-83 
tachycardia 

AV nodal 10 3 7 58 19-81 
reciprocating 
tachycardia 

Total 39 19 20 55 18-83 


AV = atrioventricular. | | 
















| TABLE il Clinical Features of Patients with Wolff-Parkinson- 
White Syndrome Who Had Accessory Pathway Fulguration 


Mean Age 


Age 
(yrs) 


No. of Patients 








Condition Total Men Women 





20-57 


| Atrial fibrillation 8 5 3 37 
Reciprocating 10 6 4 39 22-64 
tachycardia 


x ; Total 7 





No. of Patients Mean Age 
Age Range 
Condition Total Men Women (yrs) 
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the procedure was unsuccessful and another attempt at. 









The secant | session was unsucces 
had previously undergone heart val 
whom no His bundle potential was reco 
manent atrial fibrillation. Blind fulgu 
formed in the region of the His bundle 
Subsequently, heart transplantation was | 
other patients the procedure was ineffect 
fulguration proved to be effective in both. 



































RETROGRADE PATHWAY ABLATION 
IN ATRIOVENTRICULAR NODAL 
RECIPROCATING TACHYCARDIA 

Fulguration of an intraatrial Meester con 
pathway i in AV nodal reciprocating tachycardia was. 
formed in 1 man aged 43 and | woman aged 
localization of fulguration was by retrograde 
vation mapping during reciprocating tachy: 
was distant from the His bundle. One patien 
tively treated and the other had modificatio 
rhythmia. AV conduction was preserved in tł 
tients and no pacemaker was implanted. 






















WOLFF-PARKINSON-WHIT E ACCESSOR 
PATHWAY FULGURATION n 

The procedure was attempted in 18 patients harac 
terized in Table I]. All had a posteroseptal accessory 
pathway (1 had Mahaim fibers) except 2 who had a lef 
lateral accessory pathway. Accessory pathway potential 
were obtained in 9 of 13 cases.° The fulguration shock | 
was delivered to the atrial pole of the accessory pathwa 
during reciprocating tachycardia or ventricular pacing il : 
reciprocating tachycardia was not inducible: 

Results obtained in this series are illustřatod i in Figur 
2. Effectiveness was defined by lack of arrhythmia ri 
rence rather than by complete disappearance of « 
wave. Of the 2 patients in whom the procedure ' 
fective, 1 subsequently underwent successful surger’ 
whereas the other later had successful His bundle ful 
ration. One patient died of tamponade after fulgurat 
delivered inside the coronary sinus. Ten patients w 
treated in a repeat session. After a 4-month period 
remission of symptoms, the treatment proved ineffectiv 
in 1 of these patients. He had a permanent junction: 
reciprocating tachycardia and underwent success: 
bundle ablation after which he had a P-delta ir 
340 ms due to slow conduction through an AV: 
pathway.’ : 

Two went on to a third session to achieve 
result. However, a preexcitation pattern pe 
mittently in 1 and was constantly present in 
electrophysiologic parameters were mo 
B ar recurrence was observed du 
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Overall status at 3 months: success, 49%; partial, 43%; death, 8.5%; 
Clinical efficacy, 92%. 








Surgical Management of Tachyarrhythmias 


Takashi Iwa, MD, Takuro Misaki, MD, Makoto Tsubota, MD, and Kazuki Ishida, MD 


In this study of surgical procedures for various ta- 
chyarrhythmias, Wolff-Parkinson-White syndrome 
comprised most of the cases. An endocardial ap- 
proach was used to ablate accessory pathways. 
Additional use of cryocoagulation after surgical in- 
Cision of the atrium, previously routinely per- 
formed, is at present only done occasionally for 
septal accessory pathways. 

Ventricular tachycardia (VT) was the next most 
frequent condition. The surgical procedures for 
ischemic and nonischemic VTs are completely dif- 
ferent, although both are based on the principle of 
complete electrophysiologic mapping. For ischemic 
VT, surgery consists of resection of the left ventric- 
ular aneurysm and excision or cryocoagulation of 
the endocardium, or both. For nonischemic VT, ei- 
ther excision of the entire thickness of the myocar- 
dium (2.0 x 2.5 cm on average) at the earliest exci- 
tation site of the right ventricle and cryocoagulation 
of the area of delayed potential or only incision and 
cyrocoagulation of the left ventricle were per- 
formed to avoid reduction of the left ventricular 
cavity. 

Ectopic atrial tachycardia was cured by excision 
of the earliest excitation site without use of a heart- 
lung machine, when the focus was located in the 
atrial free wall. Other successful treatments were 
of reentrant atrial tachycardia by cryocoagulation, 
atrial flutter by cryocoagulation of impulse path- 
ways at the coronary sinus and around the atrio- 
ventricular node, and a new surgery for atrial fibril- 
lation and flutter, which retained sinus rhythm. 
Johnson’s procedure was used for surgical ablation 
of atrioventricular nodal reentrant tachycardia. 

(Am J Cardiol 1989;64:87J-91)J) 


From the Department of Surgery (I), Kanazawa University School of 
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of the treatment of heart disease. The development 

of electrocardiophysiology has been indispensable 
in the current success of surgery for arrhythmias. This 
communication concerns surgical treatment of various 
tachyarrhythmias and is based on data from 399 con- 
secutive patients at Kanazawa University Hospital be- 
tween May 1, 1973 and December 31, 1988: 347 with 
Wolff-Parkinson-White (WPW) syndrome, 43 with ven- 
tricular tachycardia (VT), 4 with ectopic atrial tachycar- 
dia, 1 each of reentrant atrial tachycardia, atrial fibrilla- 
tion and flutter and atrioventricular node reentrant 
tachycardia and 2 with atrial flutter. 


S urgery has replaced drug therapy in many aspects 


WOLFF-PARKINSON-WHITE SYNDROME 

Development of a surgical method for Wolff-Parkin- 
son-White syndrome: Sealy et al! and Iwa et al? treated 
WPW syndrome surgically in the late 1960s. In 1974, 
Sealy changed from an epicardial and ventricular ap- 
proach to an endocardial and atrial approach.? In our 
current method, the atrial side is not dissected at all. We 
believe that the accessory pathway is located on the outer 
side, close to the atrial muscle and not in the fat tissue of 
the atrioventricular groove. The endocardial atrial ap- 
proach has become the standard surgical method for 
WPW syndrome.*-6 

The cryoablation introduced by Gallagher et al’ has 
been used in many instances8-!3 epi- or endocardially. 

Indications for surgery: The indications were de- 
scribed previously.'4 The main indications were atrial 
fibrillation with rapid ventricular response (119 cases; 
34.2%), short effective refractory period (87 cases; 
19.3%) and refractoriness to medication (65 cases; 
18.7%). As reliability has improved, surgery has been 
extended to patients showing less serious symptoms. 

Fifty-three of the 347 patients (15%) underwent sur- 
gical intervention because of the severity of their subjec- 
tive symptoms. Although drug therapy can produce im- 
mediate alleviation of paroxysmal tachycardia, patients 
are seriously affected both mentally and physically. As 
many as 53 patients, disillusioned with drug therapy, 
against their physicians’ advice, presented themselves for 
surgical relief. 

We believe that a single surgical treatment would be 
preferable to life-long medication or repeated attacks of 
tachycardia in most cases. 

Patients: A total of 347 patients (250 men and 97 
women) underwent the operation. All but 3 were from 
Japan. Ages ranged from 5 months to 74 years (mean 
37.4 + 16.1). Patients’ concurrent heart diseases were 
surgically treated simultaneously with the division of the 


- anomalous pathways in 58 cases. 
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tachycardia | Direct surgery for VTs was repea 
O: and to the end of the study in 38 patients w 
patent! emic VT including 1 who first underwent di 
and later underwent catheter ablation. Ts 
tients had VTs of right ventricular origin and 
an P | of left ventricular origin. Thirty VTs occurred in 
aea A Bt ACM at 20251 80) 8 in women between the ages of 9 and 66 years (iT 
o | number so oe a ae se me ae 32.1). VTs in these patients lasted from 4 months to 
c e eens years (mean 6.2 years). Tog 
Died (3) (2) 1) ©) 3) (1) © All patients were referred to us as having idiop 
FIGURE 1. Operative results in 347 patients with Wolff-Par- VT except for 6 who had arrhythmogenic right 
kinson-White syndrome between November 1983 and Decem- lar dysplasia (ARVD) with typical clinical fin 
ber 1988. The patients were chronologically divided into 7 12-lead electrocardiography, echocardiograp 
pyrite SPERRE conduction aia pathway. (-) = decrease piocardiography;”* | patient had postoperati 
| ion i of Fallot. They had been receiving various 
mic drugs available in Japan (amiodaron 


Epicardial mapping: Electrical potentials at 6 points mercially available in Japan at that time). Th 
=> plusa reference lead were measured simultaneously using judged refractory to drug therapy. E 
-. a multibipolar electrode catheter applied on a ventricle at Preoperative diagnostic studies: Twel 
the atrioventricular groove. The earliest preexcitation site cardiography and electrocardiophysiologic s$ 
could be identified at a glance.!° performed in all patients. Vector cardiography, body sur 
Surgical method: Atrial endocardial incision?®!4!6!7 face mapping, nuclear cardiography, cathete: ‘ization, an 
was performed. Cryocoagulation was added between cardio- and coronary angiography were performed 
1982 and 1987 but was subsequently abandoned except most of the patients. ee 
for septal accessory pathways. In most cases, the opera- Programmed pacing produced sustained V1 ‘in 25 0 
tion was performed without blood prime for cardiopulmo- 38 patients. Eight patients had VT of multiple origins 
nary bypass to avoid serum hepatitis. Differences be- Only uniform ventricular premature complexes (VP 
tween the current method and that of Sealy have already were produced during the study in 12 patients despite the 
been described. presence of sustained VTs documented by electrocardi 

Surgical results: Accessory pathways were success- raphy before admission. In these patients, the QRSd 
ces fully ablated in 327 of the 347 patients who underwent tion of the VPC on 12-lead electrocardiography was the 
surgery (Fig. 1). Interruption was incomplete in 20 pa- same as that of previous VTs, which indicates that both 
tients, but paroxysmal tachycardia was abolished in 19 of originate from the same site. In 1 patient, only VPCs and 

these patients during the follow-up period. There were 27 no sustained VT were detected. This patient had 40,0( 

~~ cases of multiple accessory pathways, excluding 4 cases VPCs per day on Holter monitoring. es 
= with Mahaim fibers.° Eleven patients died between 1 and Epicardial mapping: A {6-channel recorder was use 

33 days (mean 7) postoperatively after successful inter- Bipolar platinum electrodes were implanted, in 5. 
ruption of accessory pathways. One of these patients had rows with 1 lead as reference in silicone rubber to ma 
renal dysfunction preoperatively and died of renal failure. large, medium and small mats. The large mat (12 X 
“The others had concurrent cardiac disease that was si- cm) covered 70% of 1 ventricle and could cover the who 
= multaneously operated on. In the most recent 86 cases, ventricle in | movement. The earliest excitation si 
100% success rates were achieved: no recurrence, reoper- determined by reading the time delay of the pot 
ation, atrioventricular block or death, although in 2 pa- with a computer and after mapping for several s 
tients, | of multiple accessory pathways remained without Delayed potentials: These we an during 
recurrence of tachycardia. sinus rhythm on 12-lead electrocardiogram 
ae patients with ARVDs. During the VT, delayed pot 


VENTRICULAR TACHYCARDIAS | or potentials in the diastolic phase were recorde 
‘Ventricular tachycardias (VTs) are often life-threat- patients; they formed macroreentry circuit. 
ening compared with supraventricular tachycardias. The The first case was of ARVD operated o 
indications for surgical intervention in VT are re- introduction of the silicone mat. Delay 


o drug treatment or intolerable subjective recorded over the right ventricular an 
bjective symptoms, or both. | - formed diastolic bridging throug h 
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Procedure RV 


Excision + Cryocoagulation 
Excision 






URE 2. Mapping data during ventricular tachy- Incision + cryocoagulation 10 
ia ina 26-year-old man with arrhythmogenic right ven- Removal of tumor 
lar . Low at electrodes 4, 5, 9, 10, Total 
[4 and 15 were due to fat tissue. 
5 10) in the from (3,2,1), (3,8,7,6), (3,8,13) and 
> diastolic phase. ials were 
mitted radially from 7 in all directions, 
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vere plotted separately as double potentials. Data Complete cure without medication 29 (76.3%) 
sted a macroreentrani loop, which was the move- es ak 7 (18.4%) 
of the excitation wave starting near the right ven- Fett armas ix for ventricular : 
ir apex and returning slowly to the same point, as Under medication for ventricular 1 
a potentials of the reentry circuit,29 Premature complexes 
ce use of the 15-channel bipolar silicone mat for At rest ; l 

1a! mapping was started in 1983, 4 patients had Vite pacemaker implantation 3 63% 

Potentials during VT, forming diastolic bridging Ventricular tachycardia plus . 

In the systolic phase, the potentials were trans- low cardiac output syndrome 
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A SYMPOSIUM: NEW TRENDS 


earliest excitation. Cryocoagulation was applied from the 
endocardial site after performing endocardial mapping 
with a pencil-type Or catheter electrode. Cardiac muscle 
was usually not resected so as to avoid reduction of the 
size of the left ventricle, which is normal in size in patients 
with nonischemic T. Only a thin slice of the incised face 
of the myocardium was taken as a surgical specimen. A 
specially-made cryoprobe was applied on the left septal 
VT through a 3-cm incision of the left ventricle. Applica- 
tions of the surgical methods are summarized in Table I. 

Results: Thirty-six of 38 patients were cured, most 
requiring no medication (Table II). Two patients died (1 
week and 5 months, respectively, after operation). Of the 
patients who survived, 2 died (at 2 years, and 2 years an 
4 months after the surgery, respectively) from congestive 
heart failure not due to VT. 


HISTOPATHOLOGY 

Pathologic study of surgical specimens was completed 
in 28 patients. This study revealed 6 cases of ARVD with 
typical clinical findings, 2 of suspected ARVD without 
typical clinical findings, 17 of chronic myocarditis (6 
right ventricular, 11 left ventricular), 2 of right ventricu- 
lar abnormal muscle band and 1 of left ventricular cardi- 
ac fibroma. Thus, the study revealed a specific cause of 
VT in every case. So-called idiopathic VT is unlikely to 
exist, although all the cases, except 6 of ARVD, were 
referred to us as idiopathic VT. 

Ischemic ventricular tachycardias: Surgery was per- 
formed in 4 patients. Aneurysmectomy, endocardiec- 
tomy, cryocoagulation and aortocoronary bypass were 
performed as indicated. After operation, the repeated 
VTs disappeared in 3 and only occasional VPCs were 


noted in 1 patient. 


SUPRAVENTRICULAR TACHYCARDIAS 
OTHER THAN WOLFF-PARKINSON- 


Surgical reports of supraventricular tachycardias oth- 
er than WPW syndrome are very few. 

Four patients with ectopic atrial tachycardia under- 
went surgery°”! Three patients with ectopic focuses in 
the atrial free wall were permanently cured by excising 
the atrial wall (including the earliest excitation site) with- 
out cardiopulmonary bypass. 

One patient with reentrant atrial tachycardia was suc- 
cessfully treated with cryocoagulation over a wide area of 
the posterior lower atrial endocardial wall from the coro- 
nary sinus to the inferior vena cava. 

Two patients with atrial flutter were treated success- 
fully with cryocoagulation over the area of impulse path- 


ways at the coronary sinus and around the atrioventricu- 
lar node. A new surgical method for atrial fibrillation and 
flutter was successfully attempted in 1 patient. The right 
atrial septum was isolated from the right and left free 
atrial wall, retaining the connection of the sinus node. 
Johnson’s procedure’? was applied in 1 patient to treat 
atrioventricular nodal reentrant tachycardia without 


atrioventricular block. 
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TN THE TREATMENT OF RHYTHM DISORVEr» 


CONCLUSION | 
Direct surgery for arrhythmias started with WPW 


syndrome 2 decades ago and is now applicable to almost 
all kinds of tachycardias, either supraventricular or ven- 
tricular. 
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ss pean 
A technique!’ 
used on the normothermic be 


= skeletonization: the right coronary 


dissected and exposed as for an anterior septal pathway. 
(2) The posterior septal region is approached. (3) Under 
normothermic cardiopulmonary bypass, the AV nodal 
region is exposed by performing a right atriotomy along 
the tricuspid anulus in the anterior septal region. (4) The 


~~ anatomic landmarks of the AV node are: atrial membra- 


nous septum, tendon of Todaro and posterior superior 
process of the left ventricle. These circumscribe the inter- 
mediate portion of the AV node before it enters the mem- 
branous septum. (5) The right atrium is endocardially 
incised along the tricuspid anulus inferior to the atrial 
. membranous septum. (6) The dissection of the posterior 
septal region is completed and a plane of cleavage is 
identified between the septal right atrial wall and the AV 
node. (7) The septal right atrial wall is mobilized and 
deflected anterior to the tendon of Todaro. (8) The AV 
node dissection is carefully completed. After dissection, 
retrograde AV conduction is blocked and anterograde 
“AV conduction is altered to various degrees. (9) Four 
pairs of temporary wires are attached onto the heart and 
_ the atriotomy is closed. 
Results: There are no electrophysiologic criteria of 
~ success; absence of dual AV nodal pathway physiology, 


‘prolongation of AH interval and retrograde AV block are 
favorable but not definite evidence. Recurrence of tachy- 

cardia has been observed even after 6 months. 
Of 23 patients, all are arrhythmia free with a mean 
< follow-up of 12 months. Two, who had a recurrence, 


underwent successful repeat operations. Meldrum-Han- 
na et al!? reported 92% long-term success. Cox et al” 
successfully used perinodal cryoablation. 


ATRIAL FLUTTER 
~~ Atrial flutter is defined as a rapid (close to 300 beats / 
min) and regular atrial rhythm. The flutter waves are 
- negative in electrocardiographic leads I, Il and aVF in 


. “common flutter,” while they are positive in “uncommon 
flutter.” 2! Atrial flutter in humans is associated with a 
reentrant circuit around an obstacle constituted by the 

- fossa ovale. This is associated with a critical area of slow 


conduction and block in the region of the coronary sinus 
orifice, probably in the inferior segment of the triangle of 
Koch. The anatomic structure of the atria is consistent 
the hypothesis that the reentrant activation travels 
fossa ovale along the anterior and posterior 

minalis) internodal pathways. eo. 


reentry. 


mapping during atrial 
tion to be in the inferior lateral atrial wall in the vi 
the orifice of the coronary sinus. There was an 
conduction delay in the posterior septal reg 
the orifice of the coronary sinus and the trict 
anulus. In a third patient, endocardial mappin 
atrial septum revealed an “activation gap” duri 
flutter, between the orifice of the coronary sir 
tricuspid anulus. Cryoablation of the area 
tween the tricuspid anulus and the fossa oval 
formed epicardially (2 patients) after expos 
posterior septal region, or endocardially (1 pat 
Results: The 3 patients had symptomatic 
atrial flutter of the common type. This was sui 
interrupted by cryoablation in 2 patients; the ot! 
symptomatic atrial fibrillation after operation. 


ATRIAL FIBRILLATION E 
Atrial fibrillation is characterized by chao 

atrial electrograms. It can be incessant or patox 

This section focuses on atrial fibrillation in the absen 

structural heart disease. EE a gy 
Pathophysiology of atrial fibrillation 

lated that atrial fibrillation was due to continuou: 

atrial activation by multiple “wavelets.” Perpetuatt 


atrial fibrillation requires a critical area of the atri: 
tissue (in terms of electrophysiologic properties—con- 
duction velocity, refractory period and nonhomoge- 
neity).23 Atrial fibrillation suppresses the 2 distinct func- 
tions of the atria: chronotropic function associated with 
the sinus node, and atrial contraction, which acts as a 
booster pump to the ventricles and in AV valve physiolo- 
Surgical rationale: The procedure “unscrambles” the 
sinus node to restore a normal chronotropic physiolog 
The sinus and the AV nodes, and a strip of atrial septum. 
are insulated from the rest of the fibrillating atria (corri- 
dor operation).* EG 
Surgical technique: The corridor operation is. p 
formed under cardiopulmonary bypass and cold cardio- 
plegic cardiac arrest. (1) The left atrial free wall is 
cluded by a horseshoe incision along its attachment ti 
atrial septum. Cryosurgical ablation at the mitral va 
anulus secures complete exclusion. (2) Constructio 
the corridor: A horseshoe incision attaching to the tr 
pid anulus circumscribes the corridor that includes a'c 
of right atrium, which harbors the sinus and AV no 
regions, and a strip of atrial septum bridging the 2 node 
Before closure, electrophysiologic testing confirms -th 
insulation of the corridor. A pair of temporary pac 
wires are attached to the ventricles and each atria 
ment (left atrial wall, corridor and excluded righ 
wall). | as 
Results: Our current experience comprises 4 p: 
A Dutch group has reported additional results.” 




























rial tachycardias are a heterogenous 
hycardias distinct from AV reen- 
eentrant tachycardias, atrial flutter 
n. 
gy: Atrial tachycardias can be associ- 
èr a reentrant mechanism or abnormal im- 
on (enhanced automaticity). They can be 
tih 1 or several distinct arrhythmogenic ana- 
tes (“foci”). Most atrial tachycardias are 






e : Electrophysiologic study is 
le out associated supraventricular tachy- 
‘localize the site of origin. Because most 
rdias are due to enhanced automaticity and 
ucible, catheter mapping is of paramount im- 








i rationale: This is aimed at excluding or ab- 
rrhythmogenic substrate. Exclusion or resec- 
large area surrounding the site of origin of the 
s advocated. Epicardial cryoablation on the 
t may not produce transmural cryoinjury 
cause of rewarming of the blood pool and may be less 
fficacious than sharp resection or exclusion, 

linical experience: Between July 1981 and Septem- 

88 


5 patients (women) with tachycardias originat- 
ng in the sinus node or its vicinity were surgically treated 
t our institution.2627 

_ Four patients had tachycardia, whose mechanism was 
onsistent with enhanced automaticity. Their ages were 
7, 23, 29 and 53 years. At surgery, the earliest atrial 
ctivation was at the sinus node in 2 patients, on the right 
de of the sinus node region in 1 patient and on the left 
de in 1 patient. Three patients underwent right atrial 
«clusion cephaled to the fossa ovale on the normother- 
lic beating heart. The patient with earliest activation of 
rdia on the left side of the sinus node region 
-xtensive epicardial cryoablation. She had 
urrence of her arrhythmia and refused further 
ntervention. She is currently well controlled by 
ind a VVI pacemaker. The 3 patients with right 
xclusion had good short-term results. They had a 
right atrial pacemaker with good recovery time and 
lequate chronotropic response during exercise. How- 
er, after a mean follow-up of 21 months, 2 patients had 
mptomatic paroxysmal atrial fibrillation and 2 had 
mptomatic tachycardia requiring pacemaker implanta- 
m. One patient had exercise-induced ectopic left atrial 
hycardia and 1 had poor exercise tolerance, despite 
al ventricular wall motion. All patients are receiving 
-hythmic therapy. 

fifth patient (a 42-year-old with a 5-year history 
recurrent paroxysmal tachycardia)?8 had reentrant si- 
de tachycardia. The tachycardia was inducible by 
ed atrial stimulation. Epicardial atrial map- 
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ping documented earliest activa 
the sinus node region, at the junction of th 
superior vena cava. Extensive epicardial cryoa 
the region was performed. Tachycardia was stil 
ble 4 days after operation, so cryoablation was fu 
extended. The superior vena cava was occluded to atta 
transmural cryoablation. The patient was asymptomatic — 
I year after surgery, when dysfunction of the low right 
atrial pacemaker developed. A permanent rate-respon- 
sive ventricular pacemaker was implanted. aoe 
Comments: Our experience with surgical therapy for 
atrial tachycardia has been disappointing. It shows that 
long-term follow-up is needed to assess the definite bene- 
fit of surgery and that the underlying mechanism can be = 
diffuse and progressive. Nevertheless, more successful 
results with surgery have been reported at other hospi 
tals.??30 In conclusion, surgery for atrial tachycardia isan 
alternative to medical therapy, although its long-term. 
success rate is uncertain. T 
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hese investigators, only selected 

| on here. 
lectrophysiology, clinical electro- 
lescribed by Professor Hashiba sug- 
atrial vulnerability in patients with 
l fibrillation. Our voltage clamp study 
tions of the rabbit atrioventricular 
changes in membrane ionic currents 
depression of automaticity and conduc- 
1ypoxia or metabolic inhibition. Based on 
udies on canine Purkinje ventricular mus- 


- -Section of the bundle of Kent has been established as the 
_ final therapy for reentrant bypass tract tachycardia and 


and sympathetic activities in the genesis of ventricular 
tachyarrhythmias, and Dr. Kasanuki attempted to define 
the mechanism of drug action in terminating an arrhyth- 
mia as opposed to that for prophylaxis. A review of the © 
newer antiarrhythmic drugs, grouped according to. 
Vaughan Williams’ classification, was presented. The 
risk-benefit ratio of antiarrhythmic drug treatment, ale. 


though quite important clinically, is still difficult toevalu- 


ate precisely. ae 
In the section concerning nondrug treatments of car- 

diac rhythm disturbances, the presentations by Professor 

Camm and others clearly showed the rapidly spreading 


use of implantable devices, electrical ablation or 


ablation of conducting tissues, and operative trez 


various tachyarrhythmias. It was apparent that surg 


atrial fibrillation in patients with Wolff-Parkinson-White 
syndrome. Conversely, the indications (or patient selec- 
tion) and technology for ablative procedures, and th 
long-term benefit afforded by them, appear to await fu 
ther studies, although this may well be a somewhat bi- 


- ased, personal view of this Guest Editor who is a basic 
-~ electrophysiologist and a classic electrocardiographer-cli- 
nician. ss 


The symposium was a timely event to define the pr > 


~ ent status of antiarrhythmic therapy and to help rene 
-> our effort in achieving the final goal of preventing deaths 


due to cardiac arrhythmias. 





